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ABSTRACT 
Stream Insect Production as a Function of 
Alkalinity and Detritus Processing 
by 
Thomas G. Osborn, Doctor of Philosophy 
Utah State University, 1981 
Major Professors: Dr. William T. Helm and Dr. Vincent A. Lamarra 
Department: Wildlife Science 
The study was conducted to determine if aquatic insect production 
was significantly different between high and low alkalinity mountain 
streams and if any differences were associated with food availability 
factors. The major objectives included determining! (1) if annual 
production differences occur between high and low alkalinity streams; 
(2) if processing rates of terrestrial detritus differs between high 
and low alkalinity streams; (3) if detrital processing rates are 
related to stream insect productivities; (4) if primary productivity 
varies between high and low alkalinity streams; (5) if toxic effects 
or micronutrient limitations exist in high or low alkalinity streams 
that could limit insect survivals. A high alkalinity .stream was 
defined as one having over 150 milligrams per liter average total 
alkalinity while a low alkalinity stream has less than 50 milligrams 
per liter average total alkalinity. Six study sites on four high 
alkalinity streams were located in the Wasatch National Forest near 
:xvi 
Logan in northern Utah. Six study sites on four low alkalinity streams 
were located in the Shoshone National Forest near Yellowstone National 
Park in northern Wyoming. Sites from each region were shown to not 
differ significantly for all physical parameters tested. 
The mean annual production of 22 of the 29 invertebrate taxa 
analyzed were significantly higher in the high alkalinity streams, 
while 2 taxa were significantly more productive in the low alkalinity 
streams. The mean annual production of all taxa summed was signifi-
cantly higher in the high alkalinity streams. All high alkalinity 
sites had significantly higher production than any low alkalinity 
site. 
Alder leaf packs left open to allow invertebrate activity had a 
significantly higher rate of weight loss in the high alkalinity stream. 
Alder leaf packs placed inside fine mesh bags to exclude invertebrate 
activity showed no significant differences in weight loss when the 
experiments were terminated. The patterns of weight loss for these 
mesh packs did differ between the two stream types. In the high 
alkalinity stream, the lea-ves had a early rapid weight loss phase 
followed by a period of reduced weight loss. In the loW alkalinity 
stream, the leaves experienced little weight loss during the early 
phase of the study but lost weight rapidly during the latter phase. 
The standing crops of chlorophyll on styrofoam substrates were 
significantly higher in the high alkalinity streams. Standing crops 
of chlorophyll for all high alkalinity sites were higher than for any 
low alkalinity site. 
The survivorships of all taxa tested did not differ significantly 
between high and low alkalinity water. 
xvii 
Estimates of detrital inputs based on drift measurements and 
standing crops of detritus collected with invertebrate samples showed 
no significant differences between regions. 
The following conclusions resulted from the study. The high 
alkalinity streams had a significantly much higher production of 
aquatic invertebrates than did the low alkalinity streams. The high 
alkalinity streams also had significantly higher standing crops of 
attached algae and faster processing of alder leaves. Algae and 
processed allochthonous detritus are two major food sources for many 
aquatic invertebrates. It is concluded that a major reason for the 
great difference in invertebrate production between the physically 
similar high and low alkalinity streams in this study was the availa- . 
bility difference of these two food sources. The insects in the high 
alkalinity streams had much more of rroth food types- available to them 
so a much higher annual production of aquatic invertebrates was 
supported. 
(182 pages) 
INTRODUCTION 
Water Chemistry and Stream Processes 
Much work has be~n done on the breakdown of leaf litter in streams 
since the Kaushik and Hynes (1968) statement that "autumn shed leaves 
have received little attention from aquatic biologists." Studies have 
looked at breakdown rates of various leaf species (Petersen and Cummins 
1974), the fungi and bacteria associated with leaf packs (Kaushik and 
Hyne$ 1968, Mathews and Kowalczewski 1969, Triska 1970, Barlocher and 
Kendrick 1974, Suberkropp and Klug 1976), the protein and nitrogen 
content of leaf packs (Mathews and Kowalczewski 1969, Howarth and Fisher 
1976, Davis and Winterbourn 1977), the leaching of material from· leaf 
packs (Wetzel and Manny 1972), the effect of temperature on leaf packs 
(Suberkropp, et al. 1975, Mliller-Haeckel 1977, Short and Ward 1980), the 
role of shredders in leaf pack processing (Cummins et al. 1973, Petersen 
and Cummins 1974, Barlocher and Kendrick 1974, Short and Maslin 1977), 
the role of bottom composition and pack size on processing (Reice 1974), 
and the effect of stream size on leaf processing (Sedell et al. 1975, 
Triska et al. 1975). There has even been a model developed for detritus 
processing in streams (Boling et al. 1975). There have been no studies, 
however, on the role of stream water chemistry in leaf pack processing. 
High alkalinity streams are often assumed to be more productive 
than low alkalinity streams in terms of aquatic macroinvertebrates, 
although little scientific evidence exists to support this. Fishermen 
have long known that the limestone streams of Pennsylvania and the chalk 
streams of England are richer than the nearby freestone streams, but the 
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reasons were never clear. Some scientists, as by-products of their 
investigations, have speculated that alkalinity or water hardness may 
play some role in aquatic productivity. Hynes (1970) reported that water 
hardness appears to be of some importance to stream invertebrates, but 
he also stated that this remains to be proved. Ricker (1934) used 
alkalinity as a variable in his classification of Ontario streams and 
suggested that high alkalinity limestone streams are richer in biota than 
the low alkalinity freestone streams. Armitage (1958) found that in the 
Firehole River,. Yellowstone National Park, a significant positive rela-
tionship existed between total alkalinity and both numbers and weights 
of aquatic insects. However, he also found that while Trichoptera showed 
a significant positive relationship to alkalinity, Ephemeroptera had a 
significant negative relationship. This data is confusing, for it 
suggests that in streams dominated by Trichoptera,- increased alkalinity 
would have a positive effect on numbers and weights, while in streams 
dominated by Ephemeroptera, the same increase in alkalinity would have a 
negative effect. 
Some workers have related alkalinity or water hardness to organisms 
other than stream insects. Greene (1970) showed a positive relationship 
between water hardness and fish production in plastic ·pools, while 
McFadden and Cooper (1962) showed that growth rate of brown trout was 
significantly correlated with specific conductance in six Pennsylvania 
trout streams. Moyle (1956) related productivity of Minnesota lakes to 
total alkalinity. Osborn (unpublished data), in his study of 95 mountain 
streams, determined that the above chemical parameters, total alkalinity, 
total hardness, and specific conductance, had strong positive relation-
ships with each other. 
These studies, while suggesting a relationship between insect 
densities and water chemistry, do not offer any definite evidence that 
stream insect productivities are related to gross water chemistry. 
Egglishaw and MOrgan (1965), while not working with productivities, did 
find that levels of bottom fauna were much lower in streams having a 
concentration of less than 400 micro equivalents of total cations per 
liter than in streams having higher concentrations of cations. Osborn 
(unpublished data) found significant positive relationships between 
alkalinity and biomass of aquatic insects in a number of western moun-
tain streams. This positive correlation existed for all orders found. 
Standing crop and biomass studies such as these suggest that perhaps 
stream insect productivities are a function of alkalinity. 
Woodland Streams as Heterotrophic Systems 
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Numerous recent studies have shown that many small woodland streams 
are heterotrophic systems (Nelson and Scott 1962, Hynes 1970, Cummins 
1974, 1975, Cummins et al. 1973, Fisher and Likens 1972, 1973). Fisher 
and Likens (1973) determined that over 99 percent of the annual energy 
· source for Bear Brook was allochthonous input, while autochthonous pri-
mary production accounted for less than 1 percent of the total energy. 
Nelson and Scott (1962) determined that primary consumer organisms in a 
Piedmont stream derived 66 percent of their energy from allochthonous 
materials. In these small woodland streams, the combination of current, 
water temperatures, and especially, low light availability appear to 
limit primary production. Production is often less than respiration 
(P<R). Therefore, these systems depend upon input from terrestrial 
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sources, such as leaves, for energy to drive them. As a result, many 
stream insects are facultative detritivores, utilizing these terrestrial 
inputs. 
Detritus Processing and Food Availability 
One possible mechanism that may work to make high alkaline woodland 
streams more productive than low alkaline woodland streams is the break-
down rat~ of terrestrial detrital inputs. Water alkalinity may play an 
important role in stream productivity by affecting detrital processing 
rates. Egglishaw (1968) found that in high alkaline streams, rice broke 
down quicker than in low alkaline streams, even if insects wereexcluded~ 
Therefore, in high alkaline streams, the organic material brought into 
the system in the form of leaves may be made available to the insects 
faster than it is in low alkaline streams. This rate increase would 
make food available to the detritus eating insects quicker. In food 
limited systems such as streams (Lellak 1965), an increase in food 
supply may increase the productive ability of the systems. 
An increase in mechanical processing rates can also lead to in-
creased food availability. Detritus decomposition can take place by 
microbial activity alone (Triska 1970), but an increase of up to 20 per-
cent in the processing rate may occur if shredder organisms are present 
(Petersen and Cummins 1974). Short and Maslin (1977) have demonstrated, 
using radiophosphorus labeled leaves, that shredder organisms increase 
the amount of nutrient material available to collector organisms. When 
large particles are broken into many smaller particles by shredder 
activity, more sites are made available for bacterial colonization and 
more materials are leached into the system. In this way, food becomes 
more available to collector organisms. A chemical-biological rate 
increase would likely lead to the same result. 
Fate of Detrital Inputs 
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Incoming terrestrial material initially experiences rapid leaching 
of organic matter (Wetzel and Manny 1972, Boling et al. 1975) . It is 
then colonized by hyphomycete fungi and bacteria which begin the bio-
logical breakdown process (Kaushik and Hynes 1968, Mathews and 
Kowalczewski 1969, Triska 1970, Barlocher_ and Kendrick 1974). Since 
this colonization actually increases the nitrogen and protein content of 
the leaves (Mathews and Kowalczewski 1969, Howarth and Fisher 1976), the 
fungi and bacteria apparently use both material from the leaves and dis-
solved organic material in the stream water as nutrient sources 
(Barloche~and Kendrick 1914). This material is attacked by organisms 
that utilize these large particles (shredders), breaking the material 
into smaller particle sizes (Cummins 1974, Barlocher and Kendrick 1974). 
This takes place by two processes--the actual shredding of the material 
which is not ingested, and the passing of the ingested material through 
the animal back into the system as feces (Cummins et al. 1973). It has 
been suggested (Kaushik and Hynes 1971, Barlocher and Kendrick 1974, 
Cummins 1975b) that these shredders derive little energy· from the leaves 
themselves, but get most of their nutrients from the fungi and bacteria 
that have colonized the detritus. A large portion of the or~ginal leaf 
material is not utilized by the shredders and is excreted back into the 
system in the feces as fine particulate organic matter (FPOM). This 
material is recolonized by fungi and bacteria (Madsen 1972, Barlocher 
and Kendrick 1974) and serves as a rich food source for a number of fine 
particle feeding detritivores or collectors (Cummins et al. 1973). It 
is therefore logical to assume that if the colonization and processing 
rate of detritus is increased, the above process will take place sooner, 
thereby making more food available to the organisms more quickly. 
Another process, that of particle formation from dissolved organic 
matter (DOM), may also play an important role in food availability in 
streams. Lush and Hynes (1973) found that the proportion of DOM that 
precipitates depends on turbulence and the presence of ions, especially 
calcium, in the water, and the exact sequence of precipitation is much 
influenced by pH. They discovered in laboratory studies that at about 
neutral pH, small particles form from the DOM. These grow rapidly, com-
posed largely of microorganisms, and settle out of the water as larger 
par~icles. At lower pH, this particle formation is greatly delayed. 
Therefore, in alkaline streams food created from the DOM apparently 
becomes available to the organisms much quicker than it does in low 
alkaline waters. 
Food Concentration 
In high alkaline streams, large particles may be colonized and pro-
cessed into smaller particles and dissolved leachate may be turned into 
particulate matter more quickly. There are time and space factors 
operating in these examples. Detrital processing rates and DOM particle 
formation are slower in the low alkaline streams. As a result, the in-
put material and its leachate is likely to move further downstream 
before becoming available to the organisms. Since streams are one-way 
systems, materials do not recycle in place but are continually moved 
downstream. If materials are not utilized when they are in anorganism's 
vicinity, they will flow downstream becoming unavailable to that organ-
ism. Therefore, production advantages may be gained in systems with 
quicker turnover times of detritus and DOM particle formation. 
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The mechanism operating in these examples appears to be one of food 
availability rather than food input. Systems that have either low or 
high detrital turnover . rates or DOM particle formation may have the same 
amount of detrital input, yet the high detrital turnover rate or DOM 
particle ·formation system probably has more food available to it. Since 
the detrital input begins ~he breakdown process rapidly, it becomes 
food for the shredder organisms much earlier. The material then passes 
through the shredder organisms and becomes available to the next level 
of detritivores earlier. Also, the leachate formed from this input 
material becomes particulate material more quickly. This is all taking 
place while the material is moving downstream. When the material is 
used rapidly, it has less opportunity to move as far as it would if used 
slowly. The material is used within a shorter span of stream distance 
which, in effect, concentrates the amount of food available at anypoint. 
MOre food material becomes available to more organisms in a shorter 
period of both time and space, In nutrient limited systems, this in-
creased availability of nutrients would allow greater productivity. 
Primary Production and Toxicity Factors 
Other factors may also be operating to make high alkaline streams 
more productive. A stream with higher primary productivity would likely 
have a higher productivity of primary consumers resulting in higher 
secondary productivity for the system. In nutrient limited systems, a 
higher turnover rate of detritus would make more nutrients available to 
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primary producers thereby supporting a greater number of them. tf wood-
land streams are light or temperature limited, this increase in nutrient 
supply should have no great effect on primary productivities. In open 
area streams, where light is not limiting, a higher turnover rate of 
nutrients may be an important factor in the primary productivity. Where 
nutrients for plants are limiting, a faster processing rate of detritus, 
regardless of origin, may improve primary production. 
Toxicity factors may also operate to influence secondary prqductiv-
ity. This may be the result of too large a concentration of an element 
or the scarcity of an essential element that may affect some life pro-
cess. Minshall and Minshall (1978) determined that in the River Duddon, 
potassium limited Gammarus, not food. In soft water streams, by defini-
tion, low concentrations of divalent cations are present. This may be 
accompanied by a low concentration of many other common elements, making 
an elemental limitation a real possibility. 
If alkalinity is associated with differences in stream processes, 
it would be valuable to the field of stream ecology to determine what 
these relationships are and how they operate. The predictive capabil-
ities of stream researchers may be significantly enhanced if the 
knowledge of a few physical-chemical parameters allowed for the effec-
tive prediction of stream properties. More detailed studies of chemical-
biological relationships may also result if it can be shown that water 
chemistry does play an important role in stream productivity. 
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STUDY AREAS 
Site Selection 
Sites for this study were chosen to meet the requirements of 
alkalinity concentration, winter accessibility, and simil~r physical 
characteristics. For this study, high alkalinity streams were defined 
as those having over 150 mg/1 average total alkalinity, while low alka-
linity streams had less than 50 mg/1 average total alkalinity. The high 
alkalinity sites were located on tributaries of the Logan and Blacksmith 
Fork Rivers in northern Utah, while the low alkalinity sites werelocated 
on tributaries of the North Fork Shoshone River in northwestern Wyoming. 
High Alkalinity Sites 
Six sites on four streams were located on tributaries of the Logan 
and Blacksmith Fork Rivers, Wasatch National For~st, Cache County, Utah 
(Figures 1 and 2). Three sites were located on one stream, Le.ft Fork 
Blacksm±th Fork, to determine if within stream differences were as great 
as between stream differences within this region. These sites were 
designated from lower to upper as LFBF(L), LFBF(M), and LFBF(U), and all 
were located within a 150 meter stretch of 'river. The upper site was 
located 15 meters downstream from the first bridge on the Left Fork 
road, Forest Service #055, approximately 0.5 kilometer from Utah High~ 
way 101. The Left Fork road is a secondary road that connects Utah High-
way 101 to u.s. 89 in Logan Canyon. MOst traffic is recreational and 
the road is not maintained in the winter. The middle and lower sites 
were located approximately 75 and 125 meters downstream respectively from 
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Figure 1. Location of Left Fork Blacksmith Fork and Curtis Creek 
study sites; Cache County, Utah. 
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Figure 2. Location of Logan River and Temple Fork study sites, 
Cache County, Utah. 
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the upper site. These three sites were quite open with a canopy of 
large cottonwood trees lining the stream. Brush cover was restricted 
to the edges. 
The Curtis creek site was located near Hardware Ranch Game Manage-
ment Area, 100 meters upstream from Forest Service Road #054. This 
site was approximately two kilometers upstream from the confluence with 
the Blacksmith Fork River and had a moderately heavy shrub and tree 
canopy. 
The Logan River site was located approximately 0.5 kilometer up 
the Franklin Basin road, Forest Service Road #006, from U.S. 89. The 
site was approximately 15 meters downstream from the first bridge and 
was somewhat open, with one large birch overhanging the river and 
moderate shrub cover along the banks. 
The Temple Fork site was located approximately 250 meters upstream 
from the confluence with the Logan River. This site had a moderately 
heavy canopy of shrubs and small trees. 
Low Alkalinity Sites 
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Six sites on four streams were located on tributaries of North Fork 
Shoshone River, Shoshone National Forest, Park County, Wyoming (Figure 3). 
Three sites were located on one stream, Gunbarrel Creek, to determine if 
within stream differences were as great as between stream differences 
within this region. These sites were designated from lower to upper as 
Gun(L), GunOM), and Gun(U), and all were located in a 150 meter stretch 
of stream. The lower site was located approximately 50 meters upstream 
from U.S. 14. The middle site was located approximately 50 meters up-
stream from the lower site and the upper site was located approximately 
Yellowstone Pork 
3 km. 
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Figure 3. Location of Wyoming study sites, Park County, Wyoming. 
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70 meters upstream from the middle site. These sites are all moder-
ately open with a heavy cover of shrubs along the banks but open at 
mid-stream. 
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The Clearwater Creek site was located approximately 50 meters 
downstream from U.S. 14. This site was moderately open with dense shrub 
cover along the banks but open at mid-stream~ 
The Goff Creek site was located approximately 15 meters upstream 
from U.S. 14. This site was well shaded, with overhanging shrubs and 
small trees covering most of .the stream • 
. The Kitty Creek site was located approximately 70 meters down-
stream from Forest Service Road /1446, approximat.ely 40 meters upstream 
from the confluence with North Fork Shoshone River. This site was 
moderately shaded, with a dense bank cover of shrubs and with several 
large firs and cottonwoods rising above the stream. 
As a result of a November sub-zero (°F) cold spell, all of the low 
alkalinity sites in Wyoming were covered with ice for the November 
sampling period. These same sites were mostly snow covered for the 
December, January, and March sample periods, This ice and snow cover 
insulated the stream, resulting in no anchor ice observations, even when 
sampling was done during sub-zero (°F) temperatures. Most of the Utah 
high alkalinity streams were free of ice and snow cover during the 
winter. The Logan River site was an exception to this, with ice cover 
during the December sampling period and ice and snow cover during the 
January and March sampling periods. The Left Fork Blacksmith Fork sites 
were partially ice covered during these winter periods, but also 
experienced extensive anchor ic~ formation during the winter sampling 
periods. Temple Fork and Curtis Creek remained essentially ice and snow 
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free but both sites received no sunlight during the mid-winter period 
due to the high canyon walls surrounding the sites. This lack of sun 
resulted in heavy buildups of hoar frost on the overhanging vegetation. 
The study areas differed in latitude by approximately 300 
kilometers which may have affected solar input slightly. Altitudinal 
differences were slight. 
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OBJECTIVES AND APPROACH 
Objectives 
A primary objective of this study was to determine whether 
production differences in aquatic insects do exist between high and low 
alkalinity streams. A second objective was to determine if detrital 
processing rates differ between high and low alkalinity streams. The 
third objective was to determine if detrital processing was in any way 
related to stream insect production. A fourth objective was to deter-
mine if alkalinity was related to primary production in streams and if 
this could be a factor in insect density levels. Objective five was to 
determine if limiting factors existed in high or low alkalinity streams 
that could limit insect survivals. The following hypotheses were 
examined: 
H1 : Annual production of stream insects is the same in both high 
and low alkalinity streams. 
H2 : Detritus processing times are the same in both high and low 
alkalinity streams. 
H3 : Annual production of stream insects is not related to detritus 
processing time. 
H4 : Alkalinity is not related to the primary productivities of 
streams, 
H5 : Limiting factors do not affect insect surVivals in either 
high or low alkalinity streams. 
~7 
Approach 
This study was an investigation of possible differences in several 
biological processes. between streams of differing alkalinities. Since 
the main concern was whether certain processes do differ with alkalinity 
or water hardness, and because of logistic limitations, the study was 
limited to streams on the high and low end of alkalinities in natural 
waters of the mountain west. Streams were selected based on a pre-
liminary study of 95 mountain streams. In this study, the author 
determined that total alkalinity, total hardness and specific conduct-
ance were very strongly correlated. Because of this strong correlation, 
total alkalinity was used in this study as an indicator of total hard-
ness and specific conductivity. Since the range of waters between 
these alkalinity extremes was not studied, regression analysis was not a 
possibility. However, enough replicate sites from each alkalinity 
region were included to allow statistical comparisons between regions. 
Total annual production of aquatic insects was calculated at six 
sites on .four streams from each of two geologic regions. In each region, 
three sites.were on the same stream, within 150 meters of each other. 
Production was calculated separately for each of these sites and the 
values compared to determine if the variability between similar sites 
on one stream was more than the variability between the remaining thre~ 
streams. The mean of these three same-stream values was calculated and 
used as a single stream value. This value was used with the values from 
each of the other three streams for regional calculations and compari-
sons. In this way, the stream with three sites carried no more weight 
in the regional calculations than did the three single site streams. 
In addition to comparing insect productivities between a high and 
low alkalinity region, th~ study aiso determined productivity differ-
ences associated with two important stream processes--production of 
attached algae and processing rat.e of allochthonous detritus. Both 
algae and "processed" detritus are important foods for aquatic macro ... 
invertebrates and any differences in the availability of these foods 
may affect insect production. Therefore, the availability of these 
two foods was tested in each region. 
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Primary production was studied in three streams in each region by 
determining standing crops of algae (chlorophyll) on artificial sub ... 
strates. Values were compared to determine if either within or between 
region differences occurred, 
Leaf pack processing rates were studied both in autumn and spring 
in one stream from each region. Leaf packs were placed in each stream, 
and the rate of weight loss over time was monitored. Two types of 
packs were studied, one that allowed access to insects and one that 
excluded insect activity, to determine if processing rate diffe't'ences 
were a function of differing wate't' chemistries or simply differential 
insect densities. 
To determine if the survivorship of insects was a function, of water 
type alone, various insect taxa were placed in both high and low 
alkalinity water and their survivals monitored over time, 
The study was conducted over one calendar year from May 1978 to 
May 1979, except for some leaf processing work which continued to 
September 1979. 
MATERIALS AND METHODS 
Collection Periods 
Samples wer.e collected ten times during a one-year period, 
beginning mid-May, 1978, and finishing April, 1979. These samples were 
collected at from four- to six-week intervals, depending upon season. 
During winter months, samples were collected at six-week intervals; 
during spring and autumn, collections were made at five-week intervals, · 
while during summer, samples were collected every four weeks. This was 
an attempt to compensate for slower and faster growth rates of insects 
during the respective seasons. 
Water Chemistry 
Water samples were collected at each stream during each sampling 
period. These samples were analyzed for total solids, total dissolved 
solids, total alkalinity, pH, total phosphorus, total dissolved phos-
phorus, ~itrates, calcium, magnesium, potassium, sodium, and specific 
conductance. Samples were collected in plastic nalgene bottles and 
placed in a chilled cooler. Total alkalinity and pH analyses, and the 
filtration for total dissolved phosphorus and total dissolved solids, 
were done immediately upon completion of sample collection for a given 
day. Alkalinity and pH analyses were done using a portable Corning 
model 610A pH meter and titrated with .025 N solution of H2so4 to pH 
4.5. The pH meter was calibrated against pH 9.0 and 4.0 buffered solu-
tions before each round of analyses. Filtration for total dissolved 
phosphorus and total dissolved solids were carried out using Whatman 
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GF/C glass fiber filters and a Millipore portable filtering apparatus. 
Two hundred ml of water were filtered for total dissolved solids and 
50 m1 for total dissolved phosphorus. Water . was filtered into 125 ml 
Erlenmeyer flasks and sealed with parafilm and aluminum foil. 
Total phosphorus and total dissolved phosphorus were analyzed by 
the ascorbic acid method with persulfate digestion as described in 
Standard Methods (American Public Health Association 1975). 
Total solids and total dissolved solids were analyzed by pouring 
200 ml of unfiltered and filtered water respectively into pre-dried and 
weighed 250 ml beakers. These were placed in an 85°C drying oven for 
24 hours, cooled in a dessicator, and weighed on a Mettler model HSl 
analytic balance. 
Nitrates were analyzed by the cadmium reduction method as de-
scribed in Standard- Methods (American Public Health Association 1975). 
Calcium, magnesium, potassium, and sodium were measured using a 
Perkin-Elmer model 303 atomic absorption spectrophotometer. 
Specific conductance was analyzed using a YSI model 31 conducti-
vity bridge standardized against a known solution. All readings were 
0 
corrected to 25 C. 
Water temperatures were measured at each stream during each 
sampling period using Taylor minimum-maximum thermometers. 
Aquatic Insects 
Aquatic .insects were collected at each of the twelve sites during 
each sample period using a modified Hess bottom sampler with a sampling 
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area of 1380 em and a 0,250 mm nitex mesh net. During each sample 
period, three Hess samples were taken in close proximity from areas of 
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similar substrate and water depth. Special care was taken to minimize 
between site physical differences. The substrate was loosened and 
stirred to ·a depth of 10-15 em and all larger particles were scrubbed 
to remove attached insects. The three samples were combined in one 
sample container and preserved in 10 percent formalin in the field. 
Samples were returned to the laboratory to be processed. 
Samples were sugar floated at least three times to remove organic 
from inorganic material (Anderson 1959). The inorganic sand and gravel 
was discarded and the organic fraction was washed through a graded 
series of sieves, one at a time, to separate the sample into size 
classes. The material retained in each sieve was washed into a sample 
jar and preserved with 10 percent formalin until sorted. The sieve 
series used for this study had mesh openings of 4.00, 2.80, 2.00, 1.40, 
1.00, 0.71, 0.50, 0.35, and 0.25 mm. These correspond with U. S. 
standard sieve numbers 5, 7, 10, 14, 18, 25, 35, 45, and 60. This 
series corresponds to alternate sieves in the test sieve aperature 
series recommended by the International Standards Organization, Geneva, 
Switzerland. The log of the opening in mm is highly correlated with 
sieve size (each sieve size = 1 x axis unit) and can be described by 
the regression y = ~O,l50104311X + 0.749940750; r = ,999988 (Reger 
1980). The smallest size is the same recommeded by Barber and Kevern 
(1974) for use in production estimates. 
Invertebrates were sorted from detritus by hand using illuminating 
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magnifiers and dissecting microscopes. The larger sieve sizes (4.00, 
2.80, and 2.00 mm) were sorted in their entirety. The smaller sieve 
sizes (1.40 to 0.25) were subsampled when necessary using a 
mechanical subsampler (Waters 1969a). This subsampler gives 
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statistically random samples (Reger 1980, Elliot 1971). Adequate 
numbers of subsamples were sorted to give a total invertebrate count of 
100. In particularly high density samples, subsamples of subsamples 
were sorted (Elliot 1971, Cummins 1975). 
Identification was made to family, genus, or species, depending 
upon the insect and the difficulty in keying at the smaller size 
classes. Samples were dried at 85°C for 12 hours, weighed, ashed at 
0 450 C for 2 hours (Winberg 1971) and weighed to obtain dry and ash-free 
dry weights for each· taxa at each sieve size. The log normalized ash-
free weights for each taxa were used to formulate regression equations 
which were used in the production calculations. The r (correlation 
coefficient) values for the vast majority _of these regression equations 
were over 0.95 (Appendix III). Separate regression equations were 
calculated for the Wyoming and Utah representatives of a particular 
taxon. Since most of the equations were virtually identical for the 
two regions, they were combined into one equation for · each taxon, 
except for the Chloroperlidae (Plecoptera) and Rhyacophilidae (Tri-
choptera). For these exceptions, considerable differences in equations 
for the two regions were noted, so separate equations were used. 
Production was calculated using the Hynes or size-frequency 
method of production estimation (Hynes and Coleman 1968, Hynes 1980, 
Waters and Hokenstrom 1980) as modified by Hamilton (1969) (Appendix V). 
One assumption of this method is that an equal amount of time is spent 
in each size class. Since younger, smaller size groups of insects 
generally exhibit faster growth than larger size groups, they may grow 
beyond the smallest size class between sampling periods. For any one 
particular taxon, this may be remedied by increasing sampling 
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frequencies during this early instar period. However, for a study such 
as this, which investigates the production of the entire insect 
community, such sampling modifications are unreasonable. Therefore, as 
an attempt to compensate for this early rapid growth, the two smallest 
sieve sizes were combined for production calculations (Minshall 1977). 
In addition to removing the common negative production between the 
smallest and next smallest sieve sizes, this correction also reduced 
the ''times lost" factor by one. In most cases, this would have the 
effect of reducing the final total production figure. 
Since it was discovered that several taxa grew beyond the largest 
sieve size used in this study (4.00 mm), the specimens retained in the 
largest sieve were resieved through the next three larger sieves in 
the earlier defined series. These sieves had openings of 5.61, 7.93, 
and 11.20 mm. These sizes correspond to U. S. series numbers 3 1/2, 
2 1/2, and 11.20. The percentages of insects that were retained in 
each of the above larger sieves were then used as correction factors to 
be used in the production calculations to determine what number of 
those originally retained in sieve size 4.00 actually belonged in sizes 
5.61, 7.93, or 11.20. Only one taxon grew to size 11.20 mm, but 
several reached 5.61 and 7.93 mm. These resievings were done before i 
drying and weighing, so the insects that were resieved into larger size 
classes were included in the calculation of regression equations used 
in production estimation. 
Estimates of mean densities (#/m2) were calculated for each site 
using the sample data. Estimates of mean biomass (g/m2) were calculated 
using estimates of mean densities and mean weights. Turnover ratios 
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were calculated for each taxon for each site using the calculated 
production estimates and estimates of standing crop. 
Detrital Processing 
The rate of allochthonous detrital breakdown for each sample 
region was measured by placing leaf packs in one representative stream 
from each region and measuring weight loss of the packs. The streams 
chosen for this study were Gunbarrel Creek from the low alkalinity 
region and Temple Fork from the high alkalinity ,region. In addition 
to being representative and comparable streams, security factors played 
a role in choosing these sites for this study. It was decided that 
these sites afforded the least risk of human disturbance for the 
duration of the study. 
Leaf packs- were made from two species present in both study 
regions, thinleaf alder (Alnus tenuifolia) and Douglas-fir (Pseudotsuga 
menziesii). Needles from one Douglas-fir bough were used for the study. 
These needles were dried for 12 hours at 60°C and weighed into 6.0 
gram lots. Samples were placed in nylon mesh bags constructed from 
·nylon stockings with mesh openings of 0.50 mm. The bags were tied to 
bricks with monofilament line and placed in the streams with the leaf 
bags facing upstream into the current. Eight leaf bags were placed in 
each stream. Two leaf bags were removed from each stream after 24 
' hours and approximately 5, 10, and 20 weeks. These samples were ~insed, 
dried for 12 hours at 60°C and weighed on a Mettler model H51 analytic 
balance. 
Alder leaf packs were of two basic types, open and mesh, and two 
separate studies were conducted. All leaves used for this study were 
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collected from one small alder tree in Logan Canyon at Red Banks Camp-
ground. Leaves were collected at the time of abscission by placing 
several sheets around the base of the tree and shaking it. In this 
way, a large number of unprocessed leaves from a single source were 
collected. 
0 For the first study, leaves were dried at 60 C for 12 hours and 
weighed into 6.0 gram quantities using only whole leaves. These leaves 
were then rewetted and formed into two approximately equal leaf packs 
by stacking the leaves and securing them using size 4 brass paper 
fasteners. Eight of these packs were placed into the same type nylon 
mesh bags as described above, tied to bricks and placed in each stream 
with the leaf packs facing the current. Nine alder packs were left 
open for each stream and tied directly to the bricks using monofilament 
line (Petersen and Cunnnins 1974). The fine mesh bags effectively 
excluded insect activity on the leaves while insect activity was 
allowed on the open packs. Since it was hypothesized that the high 
alkalinity streams would have higher insect biomass and production, the 
mesh packs were designed to determine how much leaf weight loss was 
attributed to factors other than greater insect activity. Samples were 
collected after 24 hours and approximately 5, 10, and 20 weeks. Leaves 
were rinsed, dried at 60°C for 12 hours, and weighed on a Mettler model 
H51 analytic balance. 
For the second study, leaves were pre-leached for 24 hours in 
0 
running water, dried at 60 C for 12 hours, and weighed into 2.0 gram 
quantities using whole leaves. These leaves were rewetted and loosely 
packed into course net bags and fine nylon bags, tied to bricks, and 
placed in the stream with the pack facing upstream. Eight of each pack 
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type were placed in each stream type. The loose pack design was 
decided upon after investigation of the fastened pack type showed that 
the inner reaches of a pack remained essentially unchanged even when 
the remainder of the pack was heavily "processed." It appeared as if 
the formation of the pack, along with the pressure of the current upon 
the pack, excluded insect activity and even fungal colonization from 
the inner reaches of the pack. It has also been suggested (S. G. 
Fisher, personal communication) that the core of this type of leaf pack 
may be anaerobic. All of these factors would lead to slower total pack 
processing times than would be expected if the whole pack was 
accessible to fungal and insect activity. By loosely packing the 
leaves in either bag type, the leaves do not stack like pages of a book, 
but more closely resemble the random assemblage of leaf packs caught 
behind rocks and sticks in the streams. More surface area is exposed 
and more avenues of colonization are available to both fungi and 
insects. This would allow for a more natural processing rate of the 
packs. The smaller pack size was also selected to assure that all 
leaves had a chance for equal processing. If packs are too large, a 
certain percentage, increasing as pack size increases, becomes unavail-
able to processing organisms until the outer material is removed. 
Since this ·is not what wasbeing investigated in this study, but rather 
the processing rate of freshly introduced leaves, the smaller packs 
were used. Single leaves would probably have been the ideal subject 
but this was deemed impractical. 
Samples for the second study were collected after approximately 10 
and 20 weeks. Immediately upon removal from the stream, the leaves were 
gently rinsed, split into two approximately equal portions with each 
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portion placed into a 500 ml Erlenmeyer flask filled with stream water. 
These flasks were then sealed in such a manner that all air bubbles 
were removed. The sealed flasks were then placed in a cooler partially 
filled with stream water which was kept at stream temperature. One-
half of the flasks were incubated in the dark, cold water bath for 3 
hours and the remaining half for 7 hours. The flasks were riding in a 
moving vehicle during much of the incubation and were periodically 
shaken by hand. After the proper incubation period, the flasks were 
gently opened and the water was siphoned from the bottom of the flasks 
into 101 ml dissolved oxygen bottles. Siphoning was done so that water 
entered the D. 0. bottle at the bottom and was allowed to overflow 
approximately three times. This water was immediately treated as a 
standard dissolved oxygen sample. The water was analyzed using stand-
ard Winkler technique with azide modification. The amount of oxygen 
utilized by the packs was standardized to the size of leaf pack in each 
flask. Two initial D. 0. readings from each stream and two blank 
controls for each incubation period were also analyzed in the same 
manner. Leaves were then removed from the flasks, placed in whirlpack 
plastic bags, treated with ethyl alcohol to stop biological activity, 
and returned to the laboratory. Leaves were dried at 60°C for 12 hours 
and weighed. 
Detrital Standing Crops 
All organic detritus collected during alternate insect sampling 
was retained after sorting to determine if standing stocks of detritus 
t.! were related to insect standing crop and biomass (Egglishaw 1968). This 
0 0 
material was dried at 85 C for 12 hours, weighed, ashed at 450 C for 2 
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hours, and reweighed. Ash-free dry weights were used because in this 
way inorganic sand and silt that could not be separated from the 
detritus were not included in the weight calculations. Large woody 
pieces (>5 mm diameter) were not included in this analysis because one 
large piece of wood could weigh more than the rest of the detritus and 
therefore introduce an inordinate amount of variance into the analysis. 
Detrital Input 
An estimate of levels of detrital input was made for each stream 
during peak leaf fall. During the October sampling period, when 
approximately 50 percent of the leaves from the deciduous riparian 
vegetation had abscissed, drift samples were collected. These were 
made by placing a drift net in the current such that the top of the net 
was just above the surface- of the water. Wets were left in the stream 
for five minutes. All material collected in the nets was placed in a 
one quart wide mouth plastic jar and preserved in 10 percent formalin. 
This material was returned to the laboratory where it was dried at 
0 . 
60 C for 12 hours and weighed. Current velocity readings were taken at 
the location of the drift net at each sampling site and measurements of · 
drift were corrected for velocity. 
Insolation 
The amount of sunlight reaching the stream surface is an important 
factor in primary productivity of streams. The lack of solar input in 
many eastern woodland streams is an important reason why these streams 
are considered heterotrophic systems (P<R) (Hynes 1970, Fisher and 
Likens 1973). Many western streams are considerably more open than 
their eastern counterparts, and it has been suggested that many of 
these streams are less heterotrophic or even autotrophic (P>R) (G. w. 
Minshall, personal communication). 
Solar input was measured at each study s·ite using a Weston model 
756 illumination meter. Measurements were taken 1/4, 1/2, and 3/4 of 
the way across the stream on a transect at each site. Readings were 
taken at the wate~ surface between 11:00 A.M. and 1:00 P.M. MOuntain 
Standard Time during the October sample period. Readings were also 
taken in full sunlight at each site and each stream reading was 
corrected to percent of full sunlight. 
Substrate 
All insect samples were collected in riffle areas with gravel-
rubble substrate. To determine if substrate size and composition 
varied between sites and between regions, substrate samples were 
collected and measured during one sampling period. For one Hess insect 
sample at each site, all substrate particles capable of being loosened 
and stirred were removed from the bottom. Each of these particles 
larger than 2 em circumference was measured using a plastic tape 
measure. 
Algae Standing Crop 
As an estimate of primary production in each of the stream types, 
algae standing crop was measured on artificial substrates. These 
standing crop studies were done in three streams from each area. These 
were Kitty, Goff, and Gunbarrel Creeks from the Wyoming low alkalinity 
region, and Curtis Creek, Left Fork Blacksmith Fork, and Temple Fork 
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from the Utah high alkalinity region. Samples were collected by 
stringing 6 em by 1.3 em styrofoam tubes on a wire and anchoring it so 
the tubes were just off the stream bottom. Each sampling unit was 
placed in the stream so the current ran lengthwise along the unit. 
Sample units were placed in the vicinity of insect sample locations 
and each site was at least partially shaded during the day. 
Samples were collected every sample period except during runoff 
when the units could not be located or were washed . away. This four 
to six week colonization time was an adequate period for algae standing 
crop determinations using chlorophyll concentrations (Runke 1979). 
Samples were collected by removing the styrofoam tubes from the wire 
and replacing them with fresh ones. The tubes were wrapped in aluminum 
foil and frozen until analysis. Samples were analyzed by cutting a 
. 2 0.5 em disk with an exposed surface area of 2.0 em from the center of 
each tube and placing the disks in 25 ml glass tubes with 10 ml of 
reagent grade acetone for 12 hours. The entire disk dissolved in the 
acetone. Blank control disks were also analyzed for inteTference from 
the styrofoam. Samples were read for chlorophyll in a Turner model 111 
fluorometer against known standards. 
Insect Survival in Each Water Type 
• 
Survival or toxicity factors were investigated using both in-
stream and laboratory bioassay-type studies. Studies were done either 
in each stream type or using water from each stream type. Thesestudies 
were carried out to determine if lack of a species, or presence in low 
numbers, in low alkalinity streams was due to differential 
survivorship as a result of different water types alone. 
The in-stream bioassays were patterned after those of Minshall 
and Minshall (1978). Square boxes, 27 em on a side and 7 em deep, 
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were assembled out of 1/2-inch plywood and coated with plastic marine 
resin. Across the top and bottom of the boxes 1.0 mm mesh netting was 
stapled prior to tacking on the bottom panel. To assist in water flow 
through the boxes, the bottom panels had 36 1/8-inch holes drilled 
through them. These boxes were filled with rubble substrate particles 
and a known number of the appropriate aquatic insects and stapled shut. 
Boxes were placed in the streams in a rubble-gravel riffle area for 
the appropriate period of time. 
Ephemerella coloradensis, Baetidae, and Heptageniidae were 
collected from Temple Fork in Utah and immediately transported to Gun-
barrel Creek in Wyoming. Insects were kept alive in transit with the 
use of ice and portable, battery-operated air pumps. At the- stream 
site, 10 Ephemerella coloradensis, 10 Heptageniidae, and 20 Baetidae 
were placed in each of four boxes. Two of these boxes were left in 
the stream for 24 hours· and two for five weeks. After the appropriate 
time period, boxes were removed, opened, and the surviving number of 
each species counted. Heptageniidae and Baetidae were also collected 
from Gunbarrel Creek and allowed to sit in a cooled tub with bubblers 
for the same period as it took to transport the Utah insects toWyoming. 
Ten Heptageniidae and ten Baetidae each were placed in each of four 
boxes with rubble and placed in the stream. These were also removed 
after 24 hours and five weeks, with the survivors counted, 
The same type of procedure was undertaken at Temple Fork, with 
Gunbarrel Creek insects placed in Temple Fork, and Temple Fork insects 
placed in Temple Fork for 24 hours and five weeks. The same number of 
each taxa from each stream as above were used, except no Ephemerella 
coloradensis were used. 
Laboratory studies were done using water from Temple Fork, Gun-
barrel Creek and distilled water. Known numbers of four insect taxa 
(Ephemerella coloradensis, Ephemerella inermis, Baetidae, and 
Lepidostomatidae) from Temple Fork were placed in 500 ml Erlenmeyer 
flasks filled with the appropriate water. These flasks were bubbled 
with forced air and kept in a cold room at 8°C. Sticks were provided 
as substrate for the insects. Observations were made and survivors 
recorded at periodic intervals. 
Data Analysis 
For all aspects of this study, it was necessary to determine if 
values obtained from the four high alkalinity streams were either 
higher than or different from the values for the four low alkalinity 
streams. Analysis for differences were done using RANDTEST, a FORTRAN 
program written by Green (1977), of a nonparametric randomization test 
developed by R. A. Fisher. The significance level for all analyses 
was 0.10. 
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RESULTS 
Physical .... Chemical 
All physical-chemical results, and the two-tailed probabilities 
that the values between regions were not different are presented in 
Table 1. All chemical variables, except potassium, were significantly 
different between regions. Alkalinity, pH, specific conductance, total 
dissolved solids, . calcium, magnesium, and nitrates were significantly 
higher in the high alkalinity streams. Osborn (unpublished data) found 
a high correlation between each of these variables, except nitrates, in 
his 'investigation of 95 mountain streams. Alkalinity is very difficult 
to separate from these other factors, especially in the field, and 
therefore is used as an indicator or predictor variable in this study. 
Total phosphorus, total dissolved phosphorus, and sodium levels were 
significantly higher in the low alkalinity streams. Phosphorus is 
apparently not the limiting nutrient for primary production in the low 
alkalinity streams. The relatively high phosphorus levels may reflect 
low algal activity due to some other limiting factor resulting in less 
phosphorus usage. Potassium levels did not differ between regions. 
The possibility of potassium deficiency contributing to low production 
as discussed by Minshall and Minshall (1978) was therefore not a factor 
in this study. 
None of the physical variables investigated in this study were 
significantly different between regions. The light value for Kitty 
Creek may be lower than expected due to one large tree obscuring much 
of the sun when measurements were taken. If readings were takenearlier, 
Table 1. Yearly means (S.E.) of physical-chemical variables for streams and stream types. The two-
tailed probabilities (P Values) that stream types are not different using Fisher's randomization 
test are presented, Asterisks denote significance at the 0.10 level. 
Stream 
LFBF 
Curtis Creek 
Logan River 
Temple Fork 
Mean of High 
Alkalinity Streams 
Gunbarrel Creek 
Clearwater Creek 
Goff Creek 
Kitty Creek 
Mean of Low 
Alkalinity Streams 
P Values 
Alkalinity 
(mgCaC0/1) 
194(13) 
180(11) 
159(12) 
174(8) 
177 (8) 
38(5) 
43(6) 
36(2) 
39(4) 
39(2) 
.029* 
pH 
7.7(0.3) 
7.7(0.4) 
7.8(0.4) 
7.9(0.3) 
7.8(0.1) 
6.4(0.5) 
6.3(0.5) 
6.3(0.5) 
6.4(0.5) 
6.4(0.1) . 
.000* 
Conductivity 
(umhos/cm) 
@ 250C 
342(23) 
306(30) 
267(15) 
283(25) 
300(17) 
80(10) 
90(11) 
71(4) . 
78(8) 
80(4) 
.029* 
Total Dissolved 
Solids 
(g/1) 
.1789(.013) 
.1621(.013) 
.1644(.018) 
.1643(.016) 
.1674(.004) 
.0643(.008) 
.0668(.011) 
. 0635 (. 007) 
.0673(.007) 
• 0655 (. 001) 
.029* 
Total Phosphorus 
(ug P/1) 
20.1(14.0) 
20.9(8.6) 
18.2(3.4) 
25.6(6.8) 
21.2(1.6) 
104.9(18.0) 
71.6(20.1) 
80.3(8.1) 
58.8(4.1) 
78.9(9.8) 
.029* 
----------------------------------------------------------------------------------------------w 
.p. 
Table 1. Continued. 
Total Dissolved N03 
Phosphorus (mg N/1) 
Stream (ug P/1) 
LFBF 12.2(4.1) 170.0 
Curtis Creek 14.1(3.8) 162.0 
Logan River 16.6(3.7) 136.1 
Temple Fork 15.8(3.4) 136.7 
Mean of High 
Alkalinity Streams 14. 7(1.0) 151.2(8. 7) 
Gunbarrel Creek 85.9 (7. 3) 24.5 
Clearwater Creek 53.8(8.3) 14.5 
Goff Creek 68.7(5.8) 7.2 
Kitty Creek 53.0(4.2) 100.4 
Mean of Low 
Alkalinity Streams 65.4(7.8) 36. 7(21.6) 
P Values .029* .029* 
Ca Mg 
(mg/1) (mg/1) 
97.4(5.6) 14.5(1.8) 
98.4(3.4) 13.2(2.1) 
89.3(4.7) 9.5(1,9) 
88,5(5,6) 10.6(0.7) 
93.4(2,6) 12.0(1.2) 
14.0(5.6) 1.3(0.2) 
13.3(1.9) 1.2(0.4) 
11.1(1.6) 1.5(0.2) 
17.7(5.0) 1.8(0.2) 
14 .0(1.4) 1.5(0.2) 
.029* .029* 
Na 
(mg/1) 
4.9(0.4) 
3,1(0.2) 
1.7(0.3) 
2.1(0.4) 
3.0(0.7) 
11.6(1.6) 
11.1(2.0) 
7.5(0.8) 
5.4(0.9) 
8. 9(1.5) 
.029* 
K 
(mg/1) 
1.1(0.1) 
1.0(0.2) 
0.6(0.1) 
0.8(0.2) 
0.9(0.1) 
0.7,(0.1) 
0.8(0.3) 
0.4(0.1) 
0.9(0.1) 
0.7(0.1) 
.229 
w 
VI 
Table 1. Continued. 
Mean Mean Gradient Mean October Mean Mean 
Width Depth (%) Insolation Substrate Temperature 
Stream (m) (em) (% full sun) (em circum) (OC) 
LFBF 7.6 40.6 1.5 43 15.3 6.6 
Curtis Creek 4.6 27.9 3.0 36 13.2 6.5 
Logan River 9.1 66.0 3.0 53 16.0 6.1 
Temple Fork 6.7 33.0 3.0 30 16.4 7.5 
Mean of High 
Alkalinity Streams 7.0(0.9) .41.9(8.5) 2.6(.4) 40.5(4.9) 15.2 (. 7) 6.7(.6) 
Gunbarrel Creek 7.0 38.1 3 ~ 0 46 17.5 6.6 
Clearwater Creek 9.1 22.9 3.0 38 17.5 6.5 
Goff Creek 2.4 22.9 3.0 32 15.1 5.0 
Kitty Creek 5.5 20.3 5.0 8 16.7 4.5 
Mean of Low 
Alkalinity Streams 6.0(1.4) 26.1(4.1) 3.5(.5) 31.0(8. 2) 16.7(.6) 5.7(1.1) 
P Values .600 .143 .571 .429 .143 !257 
the light level would have been somewhat higher. This site did not 
appear to be a great deal more shaded than the other sites in this 
study. 
Detritus 
Qpen Alder Processing 
The breakdown of open alder leaf packs was significantly greater 
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in Temple Fork in both experiments (Figures 4-6). In the first experi-
ment, results were analyzed using both the original, non~leached 6.0 
gram starting weights and weights remaining after a one-day leaching 
period. The non-leached results (Figure 4) show that after the 164-166 
day processing period, 55.8 percent of the Gunbarrel Creek packs 
remained, while only 34.2 percent of the Temple Fork packs remained. 
These results gave coefficients of decay (K) of .0035 for Gunbarrel 
Creek packs and .0065 for Temple Fork packs (Table 2). Of the weight 
lost during this experiment, 17.5 percent of the beginning weight of 
the Gunbarrel Creek packs and 13.3 percent of the beginning weight of 
the Temple Fork packs was lost in the first 24 hours as soluble 
leachate. The leaching coefficients resulting from the one-day leaching 
periods were .1924 for Gunbarrel Creek and .1431 for Temple Fork 
(Table 2.) 
The one-day leached weights were used as starting weights to-
simulate preleached leaf packs. This resulted in starting weights of 
4.95 grams for Gunbarrel Creek packs and 5.20 grama for Temple Fork 
packs~ After the 164-166 day processing period, 68 percent of the 
preleached Gunbarrel Creek packs remained while only 39 percent of the 
preleached Temple Fork packs remained (Figure 5 ). • These results gave 
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Figure 4. Breakdown of unleached 6.0 g open alder leaf packs in 
Temple Fork, Utah, and Gunbarrel Creek, Wyoming, 
October 1978 to March 1979. 
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Figure 5. Breakdown of leached open alder leaf packs in Temple 
Fork, Utah, and Gunbarrel Creek, Wyoming, October 1978 
to March 1979. 
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Figure 6. Breakdown of leached 2.0 g open alder leaf packs in 
Temple Fork, Utah, and Gunbarrel Creek, Wyoming, 
April 1979 to June-July 1979. 
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Table 2. Coefficients of decay (K values) of all leaf packs for 
duration of each study, Temple Fork, Utah, and Gunbarrel 
Creek, Wyoming, 1978-1979. 
Qpen Alder Packs 
Oct.-March 
6. 0 g unleached 
Oct. 24-hr leaching 
coefficients of 6.0 g 
unleached packs 
Oct.-March 
preleached 
April-July 
2 • 0 g preleached 
Mesh Alder Packs 
Oct.-March 
6 • 0 g unleached 
Oct.-March 
preleached 
April-Sept. 
2. 0 g preleached 
Mesh Douglas-Fir Packs 
Oct.-March 
6. 0 g unleached 
Temple Fork Gunbarrel Creek 
.0065 .0035 
.1431 .1924 
.0057 .0023 
.0174 .0005 
.0034 .0033 
.0025 .0021 
.0064 .0078 
.0020 .0019 
J 
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K values of .0023 for the Gunbarrel Creek packs and .0057 for the 
Temple Fork packs (Table 2). 
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In the second experiment, open leaf packs were collected only once 
due to loss of packs during runoff. These packs were collected after 
78 days in Gunbarrel Creek and 88 days in Temple Fork. Since only pre-
leached leaves were used in this experiment, no non-leached analysis 
was made. -After the 78-day processing period in Gunbarrel Creek, 97 
percent of the leaf packs remained giving a K of .0005. After the 88-
day processing period in Temple Fork, only 22 percent of the leaf packs 
remained, giving a K of .0173 (Figure 6, Table 2). 
Mesh Alder Processing 
Because most insect activity was excluded from mesh packs, break-
down was attributed mainly to activity by fungi and bacteria. This 
activity led to breakdown patterns different from the open packs 
(Figures 7-9). In the first experiments, with weights corrected for 
one-day leaching, the final weights after 164-166 day.s were not signi-
ficantly different in the two streams (Figure 8). The differences 
after 87-88 days were also not significant in this experiment. After 
41-48 days, however, weights were significantly lower in Temple Fork. 
In the second experiment, the same pattern emerged, although the scale 
was different (Figure 9). Weight differences after 147-151 days were 
not significantly different between the two streams. After the first 
78-88 days, however, the weights were significantly lower in Temple 
Fork. 
Douglas-Fir Processing · 
The non-insect processing of Douglas~fir needles was not 
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Figure 7. Breakdown of unleached 6.0 g mesh alder leaf packs in 
Temple Fork, Utah, and Gunbarrel Creek, Wyoming, 
October 1978 to March 1979. 
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Figure 8. Breakdown of leached mesh alder leaf packs in Temple 
Fork, Utah, and Gunbarrel Creek, t~yoming, October 1978 
to March 1979. 
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Figure 9. Breakdown of leached 2.0 g mesh alder leaf packs in 
Temple Fork, Utah, and Gunbarrel Creek, Wyoming, 
April 1979 to October 1979. 
147-151 
significantly different in the two streams for any time period 
(FigurelO). Breakdown was also much slower than for either open or 
mesh alder packs~ with a final K value of only .0019 and .0020 for the 
unleached packs (Table 2). 
Leaf Pack Respiration 
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Respiration rates for leaf packs used in the second experiment are 
presented in Table 3. The results were highly variable~ often with 
more variance seen between replicates of a single treatment than 
between treatments. Also, in some cases, more oxygen was used after 
three hours than after seven hours, even though the flasks were kept 
in the dark. 
Detrital Drift 
There was no significant difference (P<.l0) in the amount of 
terrestrial detritus drifting in the streams of the two regions during 
peak leaf-fall (Table 4). The mean value for the high alkalinity 
region was considerably higher than that for the low alkalinity region~ 
but the high variability between sites in the high alkalinity region 
contributed to the insignificant difference. It should also be noted 
that there was a gusty wind blowing when sampling was done at the high 
alkalinity sites which was not the case during sampling at the low 
alkalinity sites. This wind was particularly strong at the Left Fork 
Blacksmith Fork site and could have contributed to the high value at 
this stream. There were no subjective differences noted in the amount 
or type of streams~de vegetation between streams in the two regions 
that would lead to differential input levels of detritus. 
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Figure 10. Breakdown of unleached 6.0 g mesh Douglas-fir leaf 
packs in Temple Fork, Utah, and Gunbarrel Creek, 
Wyoming, October 1978 to March 1979. 
164-166 
Table 3. Mean(S.E.) respiration rates (mg 02 used/1 H20/g leaf pack) 
for both open and mesh alder leaf packs in Temple Fork, 
Utah, and Gunbarrel Creek, Wyoming, for processing periods 
April-July and April-September, 1979. Values are for both 
3-hour and 7-hour incubation periods. 
Open Packs Mesh Packs 
3-hr. = 1.98(.31) 
7-hr. = 2.29(.15) 
3-hr. = 2.62(1.51) 
7-hr. = 3.23(1.17) 
J 
APRIL-JULY 
Gunbarrel Creek 
Temple Fork 
APRIL-SEPTEMBER 
Gunbarrel Creek 
Temple Fork 
3-hr. = 2.56(.87) 
7-hr. = 2.50 (. 34) 
3-hr. = 2.46(.63) 
7-hr. = 2.80(.41) 
3-hr. ::0 2.70(.36) 
7-hr. = 2.45(.40) 
3-hr. = 1.14(.71) 
7-hr. = 2. 77 (.50) 
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Table 4. Five minute drift weights (g dry weight) of detritus in each 
stream during peak leaf fall, October 1978. All values are 
corrected to 0.50 m/sec velocity. 
High Alkalinity Streams 
Left Fork Blacksmith Fork 
Curtis Creek 
Temple Fork 
Logan River 
Low Alkalinity Streams 
Gunbarrel Creek 
Goff Creek 
Kitty Creek 
Clearwater Creek 
Probability that high alkalinity 
streams were not different than 
low alkalinity streams. 
11.342 
0.296 
3.050 
11.422 
1.662 
1.883 
0.961 
1.350 
= .143 
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Detritus Standing Crop 
The mean annual standing crop of detritus collected in Hess bottom 
samples on alternate sampling periods did not differ significantly 
(P<.lO) between high and low alkalinity streams (Table 5). There was 
also less variance between the three Left Fork Blacksmith Fork and 
Gunbarrel Creek sites than between the three remaining high and low 
alkalinity sites respectively. 
Insect Survivals 
The results of the in-stream box survival study are presented in 
Table 6. The results are highly variable due to changes in the physical 
environment of the boxes. The results were not used and the experiment 
was abandoned. 
There were no significant differences (P<.lO) in survivorship of 
any of the four insect taxa tested between high or low alkalinity water 
upon termination of the laboratory experiment (Table 7) . The only case 
of a difference occurring during the experiment was with the mayfly 
Baetidae after six days. At this stage of the experiment, the repre-
sentatives in the high alkalinity water had higher survivorships than 
those in the low alkalinity water. After five more days, however, 
survivorship was the same. Incidentally, the Baetidae had much lower 
survivorships in both water types than any of the other taxa used. 
Algal Standing Crop 
Chlorophyll standing crops in each high alkalinity stream were 
significantly higher than levels in any low alkalinity stream (Table 8). 
This was true at all times of the year despite high variability between 
Table 5. ~2 Mean annual standing crops (g m ash-free dry weight) of 
detritus collected on alternate sampling dates in the 
modified Hess bottom sampler. 
High Alkalinity Sites 
Mean (S.E.) 
Left Fork Blacksmith Fork (L) 
15.086(5.519) 
Left Fork Blacksmith Fork (M) 
18.086(6.014) 
Left Fork Blacksmith Fork (U) 
13.673(3.647) 
Left Fork Blacksmith Fork Mean 
15.615 . 
Curtis Creek 
17.267(4.360) 
Temple Fork 
10.200 (1. 618) 
Logan River 
22.888(4.155) 
Low Alkalinity Sites 
Mean (S.E.) 
Gunbarrel Creek (L) 
7.700(1.679) 
Gunbarrel Creek (M) 
7 .444(3.696) 
Gunbarrel Creek (U) 
8.049(4.094) 
Gunbarrel Creek Mean 
7.731 
Goff Creek 
18.903(8.551) 
Kitty Creek 
10.390 (2.. 500)_ 
Clearwater Creek 
5.117(2.053) 
Probability that high alkalinity 
streams were not different than = .200 
low alkalinity streams. 
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Table 6. Number of insects surviving to each collection period for 
box enclosure study. 
Boxes in Gunbarrel Creek 
Gunbarrel Creek Insects 
Beginning number 
24 hours _A 
B 
5 ~.reeks -A 
B 
Temple Fork Insects 
Beginning number 
24 hours A B 
A 5 weeks -B 
Boxes in Temple Fork 
Gunbarrel Creek Insects 
Beginning number 
24 hours -~ 
A 5 weeks -B 
Temple Fork Insects 
Beginning number 
24 hours _A 
B 
5 weeks _A 
B 
NUMBER ALIVE 
Ephemerella 
Heptageniidae Baetidae coloradensis Total 
10 
3 
4 
7 
4 
10 
7 
8 
0 
3 
10 
7 
9 
8 
3 
10 
10 
10 
0 
10 
1 
1 
0 
0 
20 
19 
17 
0 
0 
10 
10 
8 
8 
0 
20 
19 
19 
2 
Missing Box 
0 
10 
8 
9 
0 
0 
0 
0 
20 
4 
5 
7 
4 
40 
34 
34 
0 
3 
20 
17 
17 
16 
3 
30 
29 
29 
2 
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Table 7. Mean number of survivors of each taxa in each water type for the designated time period. Each 
experiment started with ten representatives per container. 
Taxa Mean(S.E.) number of survivors 
Water Type 1 day 6 days 9 days 11 days 18 days 30 days 
Ephemerella coloradensis 
High Alkaline 5.33(.33) 4.33(.66) 
Low Alkaline 5 .00( .00) 4.00(.58) 
Distilled 5.33(.66) 2.67(1.20) 
E. inermis 
High Alkaline 10(0) 7.5(.5) 5.0(3.0) 5.0(3.0) 
Low Alkaline 10(0) 9.5(.5) 7.5(2.5) 7.5(2.5) 
Baetidae 
High Alkaline 8.5(.5) 6.5(1.5) 1. 0 (O) 0(0) 
Low Alkaline 6.5(.5) 1.0(1.0) 1.0(1.0) 0.5(.5) 
Lepidostomatidae 
High Alkaline 10(0) 10(0) 10(0) 9.0(1.0) 
Low Alkaline 10(0) 9.5(.5) 9.5(.5) 9.0(0) 
1.11 
w 
Table 8. Two-tailed probabilities that chlorophyll levels between streams were not different as 
calculated by Fisher's randomization test. Asterisks denote significance at the O.lO · level. 
High Alkalinity Low Alkalinity 
High Alkalinity LFBF Curtis Creek Temple Fork Goff Creek Kitty Creek Gunbarrel Creek 
LFBF 
Curtis Creek .364 
Temple Fork .907 .366 
Low Alkalinity 
Goff Creek .001* .000* .001* 
Kitty Creek .002* .001* .003* .095* 
Gunbarrel Creek .004* .003* .006* .267 .048* 
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seasons (Figure 11). Both regions experienced an autumn and spring 
peak in chlorophyll concentrations indicating relatively higher coloni-
zation rates during these seasons, when the streams were most open. 
Both regions experienced low chlorophyll standing crops during the 
winter months, with the exception of the December sample in Kitty Creek. 
No January or March samples were collected from Kitty Creek. The summer 
results were quite variable and varied from stream to stream. No 
attempts were made to identify the dominant algal species, but if the 
algae was equally acceptable to all grazer species as food, the high 
alkalinity streams provided more food during all seasons. 
Within the high alkalinity streams, no significant differences 
existed in chlorophyll standing crops between streams. In the low 
alkalinity region, Kitty Creek had a significantly higher chlorophyll 
standing crop than either Gunbarrel Creek or Goff Creek. Gunbarrel 
Creek was not significantly different than Goff Creek. 
Macroinvertebrates 
Annual Production 
The mean annual production of all taxa summed was much higher in 
the high alkalinity streams, with an average production of 34.4626 gfm2, 
than in the low alkalinity streams, with an average production of 
4.6668 gfm2 (Table 10). All high alkalinity sites had significantly 
higher production than any low alkalinity site (Table 10). 
The mean annual production of 22 of the 29 taxa analyzed were 
significantly higher in the high alkalinity streams than the low 
alkalinity streams (Table 9). Site by site production values are 
presented in Appendix I. The only taxa that were not significantly more 
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Table 9. -2 -1 Summary of annual production (afd gm m yr ), mean annual 
standing crop (afd gm m-2), annual turnover ratio (P/SC), 
and mean density (# m-2) for each taxa for Utah high alka-
linity streams and Wyoming low alkalinity streams, 1978-
1979. P Values represent one-tailed probabilities (two-
tailed for TR) that the high alkalinity values are nothigher 
than the low alkalinity values as calculated by Fisher's 
randomization t.:st. Asterisks denote significance at the 
0.10 level. 
Taxon Production Standing Crop Turnover Ratio Density 
Mean(S.F..) Mean(S.E.) Mean(S.E.) Mean(S.E.) 
Nemouridae 
High Alk . 2166 (. 048) .0440(.010) 4.92(.13) 824(191) 
Low Alk .2764(.054) .0588(.013) 4. 80 ( .18) 1124(185) 
P Value .229 .171 .486 .186 
Perlodidae 
High Alk .8938(.325) .1185(.043) 7 .55(.05) 103(35) 
Low Alk . 6234 (. 069) .1070( .013) 5.86(.09) 46(7) 
P Value .271 .414 .029* .043* 
Chloroperlidae 
High Alk • 5110 (. 281) .1071(.062) 4-97(.11) 234(132) 
Low Alk .0930(.020) .0186( .004) 4.95(.18) 177(50) 
P Value .043* .043* .914 .429 
Perlidae 
High Alk .5794(.420) .1312(.095) 4.42(.01)· 14(10) 
Low Alk .0000(.000) .0000(.000) 
---------
0(0) 
P Value .000* .000* .000* 
Pteronarcid,ae 
High Alk .0400(.040) . 0341 (. 034) 1.17(.05) 6(6) 
j Low Alk .0000(.000) .0000( .000) 
---------
0(0) 
P Value .500 .500 .500 
Rhithrogena 
High Alk 1.2810(.447) .1979(.065) 6.62(.64) 564(265) 
Low Alk .9199(.349) .1425(.050) 6.20(.52) 185(64) 
P Value .286 .257 .314 .143 
Cinl:S!!!ula 
High Alk .6006(.219) • 0804 (. 030) 7. 47 (. 08) 1661(588) 
Low Alk .1782(.056) .0240( .008) 7.59(.27) 768(232) 
P Value .057* .057* .857 .129 
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Table 9. Continued. 
Taxon Production Standing Crop Turnover Ratio Density 
Mean(S .E.) Mean(S.E.) Mean(S.E.) Mean(S.E.) 
EEeorus 
High Alk .0603(.010) .0087(.002) 6.95(.59) 204(104) 
Low Alk .1562 (. 042) .0284(.009) 5.90(.55) 439(182) 
P Value .043 .014 .200 .143 
EEhemerella doddsi 
High Alk 1.9625(1.027) .2253(.119) 9.03(.25) 183(99) 
Low Alk .6152(.261) . 0858 (. 034) 7.00(.32) 74(49) 
P Value .171 .171 .029* .414 
E. coloradensis 
High Alk 4.6404(2.942) • 7848 (. 519) 7.22(.87) 1674(856) 
Low Alk .0789( .019) .0154(.003) 4.93(.30) 177(66) 
P Value .071* .071* .057* .071* 
E. grand is 
High Alk 2.2990(2.122) .3823(.354) 6.19(.10) 125(111) 
Low Alk .0000( .000) .0000(.000) 
---------
0(0) 
P Value .071* .071* .071* 
E. inermis 
High Alk . 5274 (. 352) .0750(.050) 7 .10(.19) 1322(888) 
Low Alk .0420(.015) .0070(.002) 5.89(.31) 98(55) 
P Value .071* .071* .057* .071* 
Baetidae 
High Alk 10.2174 ( .423) . 9890 (. 046) 10.38 ( .13) 14683(1457) 
Low Alk .5295(.070) .0535(.009) 10.03(.40) 792(126) 
P Value .014* .014* .600 .014* 
Paraleptophlebia 
High Alk .0988(.069) .0171(.012) 6.26(.32) 487(274) 
Low Alk • 0001 (. 000) • 0000 (. 000) 
---------
1(0) 
P Value .071* .071* .071* 
Siphlonuridae 
High Alk • 0073 (. 007) • 0010 (. 001) 
---------
1(1) 
Low Alk .0206(.009) .0036(.002) 5 .80( .57) 4 (3) 
P Value .071 .071 .086 
Hydropsychidae 
High Alk 3.2471(1.261) .3591(.140) 9.04(.07) 196(95) 
Low Alk .6062(.143) .0765(.019) 8.00(.09) 29(6) 
P Value .029* .029* .029* .043* 
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Table 9. Continued. 
Taxon Production Standing Crop Turnover Ratio Density 
!1ean (S. E.) Mean(S .E.) Mean(S.E.) Mean(S .E.) 
Rhyacophilidae 
High Alk 1.3536(.514) .2867(.118) 5.39(.58) 243(94) 
Low Alk .1175(.053) .0253( .011) 4.41(.25) 106(56) 
P Value .043* .057* .171 .143 . 
Glossosomatidae 
High Alk . 2434 (. 084) .0353(.014) 7.36(.39) 273 (71) 
Low Alk .0002(.000) • 0000 ( . 000) 
---------
1(1) 
P Value .014* .014* .014* 
Brachycentridae 
High Alk .1368 (. 065) .0225(.011) 6. 58 (. 38) 93(60) 
Low Alk .0054(.005) . 0008 (. 001) 7 .OS ( .01) 2(3) 
P Value .043* .043* .114 .029* 
Limnephilidae 
High Alk • 7042 (. 401) .1169(.067) 5.66(.53) 1292(642) 
Low Alk . 0453 (. 041) .0075(.007) 6.48(.59) 97(88) 
P Value .029* .029* .800 .029* 
Tipulidae(Small) 
High Alk .3051(.096) . 0614 (. 019) 4.93(.10) 385 (154) 
Low Alk .0106(.003) • 0032 (. 001) 3.29(.38) 29(10) 
P Value .014* .014* .029* .014* 
Tipulidae(Large) 
High Alk .8921(.393) .3403(.130) 2.90(.51) 5(1) 
Low Alk .0095(.002) . 0043 (. 001) 2.22(.07) 2(0) 
P Value .014* .014* .200 .029* 
Athericidae 
High Alk .2788(.260) .1214 ( .120) 2 .13 (. 23) 10(17) 
Low Alk • 0000 ( • 000) .0000( .000) 
---------
0(0) 
P Value .071* .071* .071* 
Psychodidae 
High Alk • 3071 ( .111) . 0532 (. 020) 5.83(.11) 356(79) 
Low Alk .0010( .000) .0001(.000) 5.95(.03) 2(1) 
P Value .014* .014* .400 .014* 
Simuliidae 
High Alk 1.1651(.651) .1135(.065) 10. 74(.25) 1394(812) 
Low Alk .0363(.018) .0026(.001) 13.57 (. 83) 104(63) 
P Value .014* .014* .057* .029* 
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Table 9. Continued. 
Taxon Production Standing Crop Turnover Ratio Density 
Hean ( S . E • ) Mean(S .E.) Mean(S.E.) Mean(S.E.) 
Ernpididae 
High Alk .0401(.017) .0133(.006) 3. 07 ( .18) 169(80) 
Low Alk .0149(.005) . 0045 (. 001) 3. 33 (. 24) 64(23) 
P Value .100* .071* .400 .100* 
Chironomidae 
High Alk 1.3198(.667) .1144(.059) 11.82 ( . 30) 5200(2463) 
Low Alk .2664(.048) .0227(.005) 12.09 (. 67) 1159(220) 
P Value .014* .014* . 743 .014* 
E1midae 
High A1k . 34 78 ( .117) . 0651 (. 022) 5.27(.12) 668(216) 
Low Alk . 0008 (. 000) .0002(.000) 5. 35 ( .17) 2(1) 
P Value .014* .000* .629 .014* 
Hydracarina 
High A1k .1861(.095) .0434(.026) 5.03(.41) 1892(713) 
Low Alk .0193(.003) .0039(.001) 5 .06( .57) 236(51) 
P Value .014* .014* .857 .014* 
----------------------------------------------------------------------
Total 
High Alk 34.4626 4.9429 6.97 34261 
Low Alk 4.6668 0.6962 6.70 5718 
Table 10. Total annual production (afd gm m-2 yr-1), mean annual 
standing crop (afd gm m-2), annual turnover ratios (P/SC), 
and average density q1 m-2), by site of the 29 most numerous 
taxa for Utah high alkalinity streams and Wyoming low 
alkalinity streams, 1978-1979. 
Low Alkalinity Sites 
Clearwater Creek 
Goff Creek 
' Kitty Creek 
Gunbarrel Creek (L) 
Gunbarrel Creek (M) 
Gunbarrel Creek (U) 
Mean Gunbarrel Creek 
Mean Non-Gunbarrel Sites 
Mean Wyoming Streams 
High Alkalinity Sites 
Curtis Creek 
Logan River 
Temple Fork 
Left Fk. Blacksmith Fk. (L) 
Left Fk. Blacksmith Fk. (M) 
Left Fk. Blacksmith Fk. (U) 
Mean Left Fk. Blacksmith Fk. 
Mean Non-LFBF Sites 
Mean Utah Streams 
p sc TR 
2.8866 0.4475 6.45 
5.3233 0.8424 6.32 
7.0035 0.9951 7.04 
3.5198 0.4974 7.08 
2.8760 0.4060 7.08 
3.9556 0.5949 6.65 
3.4505 0.4994 6.91 
5.0711 0.7617 6.66 
4.6660 0.6961 6.70 
27.5234 
40.1639 
26.6495 
43.3545 
49.2865 
37.8932 
43.5114 
31.4456 
34.4621 
3.7996 
5.9680 
3.5197 
5.8214 
7.1056 
5.9209 
6.4826 
4.4291 
4.9425 
7.24 
6.73 
7.57 
7.45 
6.40 
6.40 
6. 71 
7.10 
6.97 
D 
4154 
4080 
7999 
5490 
6903 
7478 
6624 
5411 
5714 
34341 
30306 
22623 
49899 
49237 
50107 
49748 
29090 
34254 
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productive in the high alkalinity streams were the stonefly (Plecoptera) 
families Nemouridae, Perlodidae, and Pteronarcidae, the mayfly 
(Ephemeroptera) genera Rhithrogena and Epeorus (Heptageniidae), the may-
fly family Siphlonuridae, and the mayfly species Ephemerella doddsi 
(Ephemerellidae). Three of these taxa, Nemouridae, Epeorus, and 
Siphlonuridae, had higher mean production values in the low alkalinity 
streams, with the difference being significant for Epeorus and 
Siphlonuridae. All production values for representatives of the orders 
Trichoptera, Diptera, and Coleoptera were significantly higher in the 
high alkalinity streams. Production calculations for Baetidae 
(Ephemeroptera), Simuliidae (Diptera), and Chironomidae (Diptera) were 
based on two generations per year. Calculations for Pteronarcidae 
(Plecoptera) were based on three years per generation and those for 
Perlidae (Plecoptera) on two years per generation. The remaining taxa 
were assumed to be univoltine. 
Standing Crop 
The mean annual standing crop of all taxa summed was much higher 
in the high alkalinity streams, with an average standing crop of 4.9429 
g/m2, than the low alkalinity streams, with an average standing crop of 
0.6962 g/m2 (Table 10). All high alkalinity sites had significantly 
higher standing crops than any low alkalinity site (Table 10). 
The mean annual standing crop of 22 of the 29 taxa analyzed were 
significantly higher in the high alkalinity streams than in the low 
alkalinity streams (Table 9). Site by site standing crop values are 
presented in Appendix I. The taxa which were not significantly higher 
in the high alkalinity streams included all taxa which did not have 
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significantly greater production values in the high alkalinity streams, 
Nemouridae, Perlodidae, Pteronarcidae, Rhithrogena, Epeorus, 
Siphlonuridae, and Ephemerella doddsi. Three of these taxa, Nemouridae, 
Epeorus, and Siphlonuridae had higher mean standing crop values in the 
low alkalinity streams, with the difference being significant for 
Epeorus and Siphlonuridae. 
Turnover Ratios 
The average annual turnover ratios for all taxa combined (summed 
production divided by summed standing crop) were very similar between 
regions, with an average high alkalinity value of 6.97 and lowalkalinity 
value of 6.70 (Table 10). 
The annual turnover ratios of only 7 of the 29 taxa analyzed were 
significantly different between the two stream types. Six of these taxa 
had mean turnover ratios which were higher in the high alkalinity 
streams. ~ese were Perlodidae, Ephemerella doddsi, Ephemerella colora-
densis, Ephemerella inermis, Hydropsychidae (Trichoptera), and Tipulidae 
(Small) (Diptera). The only taxa which had a significantly higher mean 
turnover ratio · in the low alkalinity streams was Simuliidae (Diptera). 
Mean turnover ratios for seven taxa were not computed for one of the 
two stream types due to non-representation in that stream type, or 
representation in such low numbers that the turnover ratio could not be 
accurately computed, (Appendix I). 
Density 
The mean density of all taxa summed was much higher in the high 
alkalinity streams with an average density of 34,261, than in the low 
alkalinity streams with a mean density of 5,718 2 per m . All high 
alklalinity sites had a significantly higher mean density than any low 
alkalinity site (Table 10). 
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The mean density of 21 of the 29 taxa analyzed was significantly 
higher in the high alkalinity streams than in the low alkalinity streams 
(Table 9). Site by site density values are presented in Appendix I. 
Percent of Production 
As seen in Tables 11-15, the high alkalinity streams had only five 
taxa that accounted for over 5 percent of average total annual produc-
tion and three of these were members of the same genus. The low alka-
linity streams, however, had seven taxa with over 5 percent of average 
total annual production and all were from different families. The high 
alkalinity streams had 12 more taxa that had between 1 and 5 percent of 
the average total annual production and 11 more that contributed at 
least 0.1 percent of the total. The low alkalinity streams had only six 
taxa contributing between 1 and 5 percent of the total and only eight 
more that contributed at least 0.1 percent of the total. Of the eight 
remaining taxa studied, four were found in the low alkalinity streams 
but only in very low numbers, and four were not collected in these 
streams. 
Predators 
The large predaceous stonefly, Perlodidae, was the second most 
productive insect in the low alkalinity streams, accounting for 13.4 
percent of average total production (Table 11). The most productive 
predator in the high alkalinity streams was the caddisfly family 
Rhyacophilidae, accounting for 3.9 percent of production. Production 
of predators in the low alkalinity streams accounted for 18.2 percent 
Table 11. Summary of 
percentage 
alkalinity 
Taxon 
Perlodidae 
High Alk 
Low Alk 
Chloroperlidae 
High Alk 
Low Alk 
Perlidae 
High Alk 
Low Alk 
Rhyacophilidae 
High Alk 
Low Alk 
Athericidae 
High Alk 
Low Alk 
Empididae 
Total 
High Alk 
Low Alk 
High Alk 
Low Alk 
-2 -1 
annual production (afd gm m yr ) and mean 
of total production for predators for Utah high 
and Wyoming low alkalinity streams, 1978-1979. 
Production 
.8938 
.6234 
.5110 
.0930 
.5794 
.0000 
1.3536 
.1175 
.2788 
.0000 
.0401 
.0149 
3.6567 
.8488 
Percent of 
Total Production 
2.6% 
13.4% 
1.5% 
2.0% 
1. 7% 
0.0% 
3.9% 
2.5% 
0.8% 
0.0% 
0.1% 
o .. 3% 
10.6% 
18.2% 
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Table 12. Summary of 
percentage 
alkalinity 
Taxon 
Hydropsychidae 
High Alk 
Low Alk 
Simuliidae 
Total 
High Alk 
Low Alk 
High Alk 
Low Alk 
-2 -1 
annual production (afd grn m yr ) and mean 
of total production for filterers for Utah high 
and Uyoming low alkalinity streams, 1978-1979. 
Production 
3. 24 71 
.6062 
1.1651 
.0363 
4.4122 
.6425 
Percent of 
Total Production 
9.4% 
13.0% 
3.4% 
0.8% 
12.8% 
13.8% 
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Table 13. Sunnnary of 
percentage 
alkalinity 
Taxon 
Pteronarcidae 
High Alk 
Low Alk 
Nemouridae 
High Alk 
Low Alk 
Limnephilidae 
High Alk 
Low Alk 
Tipulidae 
Total 
High Alk 
Low Alk 
High Alk 
Low Alk 
-2 -1 
annual production (afd gm m yr ) and mean 
of total production for shredders for Utah high 
and Wyoming low alkalinity streams, 1978-1979. 
Production 
.0400 
.0000 
.2166 
.2764 
.7042 
.0453 
1.1972 
.0201 
2.1580 
.3418 
Percent of 
Total Production 
0.1% 
0.0% 
0.6% 
5.9% 
2.0% 
1.0% 
3.5% 
0.4% 
6.2% 
7.3% 
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Table 14. Sunnnary of 
percentage 
alkalinity 
Taxon 
Rhithrogena 
High Alk 
Low Alk 
Cinls:!!!ula 
High Alk 
Low Alk 
EEeorus 
High Alk 
Low Alk 
EEhemerella doddsi 
High Alk 
Low Alk 
E. coloradensis 
High Alk 
Low Alk 
E. grandis 
High Alk 
Low Alk 
E. inermis 
High Alk 
Low Alk 
Baetidae 
High Alk 
Low Alk 
Parale~to~hlebia 
High Alk 
Low Alk 
Siphlonuridae 
High Alk 
Low Alk 
Brachycentridae 
High Alk 
Low Alk 
-2 -1 
annual production (afd gm m yr ) and mean 
of total production for gatherers for Utah high 
and Wyoming low alkalinity streams, 1978-1979. 
Production 
1.2810 
.9199 
.6006 . 
.1782 
.0603 
.1562 
1.9625 
.6152 
4.6404 
.0789 
2.2990 
.0000 
.5274 
.0420 
10.2174 
.5295 
.0988 
.0001 
.0073 
.0206 
.1368 
.0054 
Percent of 
Total Production 
3.7% 
19.7% 
1. 7% 
3.8% 
0.2% 
3.3% 
5.7% 
13.2% 
13.5% 
1.7% 
6.7% 
0.0% 
1.5% 
0.9% 
29.6% 
11.3% 
0.3% 
0.0% 
0.0% 
0.4% 
0.4% 
0.1% 
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Table 14. Continued. 
Taxon 
Psychodidae 
High Alk 
Low Alk 
Chironomidae 
High Alk 
Low Alk 
Elmidae 
Total 
High Alk 
Low Alk 
High Alk 
Low Alk 
Production 
.3071 
.0010 
1.3198 
.2664 
.3478 
.0008 
23.8062 
2.8142 
Percent of 
Total Production 
0.9% 
0.0% 
3.8% 
5.7% 
1.0% 
0.0% 
69.0% 
60.1% 
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Table 15. 
Taxon 
Summary of 
percentage 
alkalinity 
Glossosomaticfae 
High Alk 
Low Alk 
-2 -1 
annual production (afd gm m yr ) and mean 
of total production for scrapers for Utah high 
and Wyoming low alkalinity streams, 1978-1979. 
Production 
.2434 
.0002 
Percent of 
Total Production 
0.7% 
0.0% 
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of total production while predator production in the high alkalini.ty 
streams accounted for only 10.6 percent of the total. The insects used 
for this predator calculation included Perlodidae, Perlidae, Chloro-
perlidae, Rhyacophilidae, Empididae, and Athericidae (Merritt and 
Cummins 1978). It is known that certain species of Tipulidae and 
Chironomidae are predators (Merritt and Cummins 1978) but the level of 
i4entification used in this study did not separate these insects. Some 
large organisms (Pteronarcidae and Ephemerella grandis) are known to 
engulf smaller organisms (Merritt and Cummins 1978), but this is 
considered incidental to normal detritus consumption and is not 
considered here. 
Filterers 
Only two taxa were classified as filterers for this study, Hydro-
psychidae and Simuliidae (Merritt and Cummins 1978) (Table 12). Even 
though both were significantly more productive in the high alkalinity 
streams, their combined percents of total production were very similar 
between areas. In the high alkalinity systems, an average of 12.8 per-
cent of total production was made up of these two filterers, while in 
the low alkalinity systems, they comprised 13.8 percent of total 
production. 
Shredders 
The stonefly families, Pteronarcidae and Nemouridae, the combined 
caddisfly group, Limnephilidae, and the cranefly family, Tipulidae 
(large and small combined), were treated as shredders in this study 
(Merritt and Cummins 1978) (Table 13). Merritt and Cummins (1978) 
report that some Limnephilidae are gatherers and scrapers and some 
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Tipulidae are gatherers and predators. Since in this study further 
identification was not conducted, all members of a taxon were grouped 
into the first or dominant functional grouping reported. 
Total production of shredders was much higher in the high alkalin-
ity streams with 2.16 g/m2 than it was in the low alkalinity streams 
with a ":otal production of 0.35 g/m2. This was true even though the 
Pteronarcidae, which were found in only one stream, were not signifi-
cantly more productive in the high alkalinity streams, and the 
Nemouridae were actually more productive in the low alkalinity streams. 
The percent of total production made up by shredders, however, was very 
similar in the two stream types. In the low alkalinity streams, 7.3 
percent of total production was made up of shredders while, in the high 
alkalinity streams, an average of 6.2 percent of total production was 
made up of the same shredder taxa . 
. Gatherers 
For all remaining taxa except Glossosomatidae, a scraper, Merritt 
and Cummins (1978) list gatherer as the first or dominant functional 
:grouping. This includes all Ephemeroptera, Elmidae, Brachycentridae, 
Psychodidae, and Chironomidae and is the functional group that contains 
by far the largest percentage of production (Table 14). 
Total production of gatherers was much higher in the high alkalin-
ity streams with 23.81 g/m2 , which was more than an order of magnitude 
2 higher than the 2.81 g/m production of gathers found in the low alka- . 
linity streams. The percentage of total production, however, was only 
slightly higher in the high alkalinity streams with 69.0 percent being 
made up of gatherers compared to 60.1 percent of total production being 
gatherers in the low alkalinity streams. 
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Scrapers 
Merritt and Cummins (1978) listed the functional group scrapers as 
a secondary functional group for several of the gatherers studied above. 
However, only one insect, the caddisfly family Glossosomatidae, was 
considered primarily a scraper (Table 15). This insect was not an 
important contributor to total production in either stream region. In 
the high alkalinity systems, it had an average production of 0.24 g/m2 
which accounted for 0.7 percent of total production. In the low alka-
linity systems, it was collected in very low numbers and accounted for 
0.0 percent of total production. 
J 
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DISCUSSION 
Physical-Chemical 
Since the two stream regions were selected for differences in total 
alkalinity, it is not surprising to find that pH, specific conductance, 
total dissolved solids, calcium and magnesium levels were also signifi-
cantly higher in the high alkalinity streams. The author, in a previous 
study, found that in 95 mountain streams from several regions these 
variables were highly correlated. The parent rock over which streams 
flow is a strong determinant of water chemistry. Since the high alka-
. linity streams flow through an area dominated by limestone and dolomite 
and the low alkalinity streams flow through the volcanic Absaroka 
Plateau, these differenc•~s in water chem~stry were expected. 
The higher phosphorus levels in the low productivity streams were 
not expected since phosphorus is often a limiting nutrient in fresh 
waters. Phosphorus is apparently not the limiting nutrient for primary 
production in these low clkalinity streams. The relatively high phos-
phorus levels may reflect low algal activity due to some other limiting 
factor resulting in less phosphorus usage. 
Since the potassium levels did not differ between regions, the 
possibility of potassium deficiency contributing to low production as 
discussed by Minshall and Minshall (1978) was not a factor in this 
study. 
The streams and stream sites were chosen to minimize physical 
differences as much as possible. Since there were no significant 
differences in width, depth, gradient, substrate size, solar insola~ 
tion or temperature between regions, it was assumed that these factors 
did not play a significant role in productivity or processing 
differences, at least at the level seen in this study. 
Detrital Processing 
Alder Leaves 
The typical leaf pack processing study involves the use of open 
stacks of leaves, fastened together in some manner, tied to a brick, 
and placed in a stream facing the current (Petersen and Cummins 1974). 
After various periods of time, the leaves are usually removed from the 
stream, dried and weighed (Petersen and Cummins 1974, Reice 1974, 
Sedell et al. 1975). These weights are then compared with the initial 
weights to determine percent remaining (Sedell et al. 1975, Benfield 
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et al. 1977, Short and Ward 1980), percent lost (Petersen and Cummins 
1974, Reice 1974), and/or coefficients of decay or K (Petersen and 
Cummins 1974, Benfield et al. 1977, Short and Ward 1980). Some studies 
have looked at other factors associated with leaf processing, such as 
numbers and kinds of insects associated with the packs (Sedell et al. 
1975, Reice 1977), nutrient concentrations of the packs (Triska et al. 
1975, Howarth and Fisher 1976, Suberkropp et al. 1976), or the microbial 
co.mmunities associated with the packs (Barlocher and Kendrick 1974, 
Suberkropp and Klug 1976, Barlocher et al. 1978). 
Part of this study utilized the classic leaf pack style and 
analyzed the packs for percent of weight remaining and coefficients of 
decay to investigate whether the processing of leaves in high and low 
alkalinity streams is different. The results showed that for open packs 
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during fall and winter maximum input periods, a very significant differ-
ence existed in the rate at which leaf packs lost weight in the two 
stream types. Packs in both stream types showed a steady decline in 
weight, but the rate of loss in the high alkalinity stream was much more 
rapid. Between sampling dates, the percent of weight loss from the 
previous weight was greater in the high alkalinity stream, except for 
the initial leaching period, when the low alkalinity stream had a 
slightly greater loss. This meant that the average rate of loss was 
greater for packs in the high alkalinity stream. This was particularly 
true during the early phase of the experiment. During this phase of the 
study, the rate of loss in the high alkalinity stream was almost four 
times as great as that of the low alkalinity stream. 
A second leaf pack study was carried out during the following 
spring, typically the period of a second detrital input peak (Hynes 
1970), especially with regard to nutrient concentration of the detritus 
(Lang and Forman 1978). This peak is due to runoff from snowmelt 
carrying autumn-shed leaves into the stream and rising stream levels 
inundating areas where piles of leaves collected near the stream the 
previous fall (Bell et al. 1978). The opening of leaf and flower buds 
somewhat later in the spring continues this input period. 
Packs for this second study were somewhat different than the 
classical type used during the autumn study, and the ramifications of 
this will be discussed later. Due to runoff washing away or otherwise 
rendering some of the packs unusable, only one collection period was 
possible for the open type of leaf pack during the spring study. The 
results of this one collection, however, indicated the same pattern of 
much greater weight loss in the high alkalinity stream. 
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The higher processing rate in the high alkalinity stream can likely 
be attributed to two factors, faster colonization by microbes and higher 
insect biomass in the high alkalinity streams. A faster colonization of 
microbes alone would account for a faster weight loss in the leaf packs, 
at least to a point where microbial activity declines. Petersen and 
Cummins (1974) and Triska (1970) found that microbes alone do process 
leaves, although the addition of shredder organisms greatly speeds up 
the process. This latter point of shredder activity is probably of 
great importance here. It has been well established that although 
shredder organisms eat large leaf particles, they actually gain most of 
their nutrients from the fungi and bacteria that have colonized the leaf 
(Kaushik and Hynes 1971, Barlocher and Kendrick 1974, Cunnnins 1975a, b). 
Shredders usually do not start eating a leaf until a certain amount of 
colonization or "processing" by microbes has taken place (Barlocher and 
Kendrick 1974, Cummins 197Sb). Some invertebrates have even shown a 
preference for certain species of fungi (Visser and Whittaker 1977). 
Therefore, a leaf that is colonized more rapidly by microbes will be 
viewed as "food" for shredders more rapidly. This would result in more 
insect activity on the leaf packs and a more rapid weight loss even if 
the number of shredders were the same in both stream types. 
A confounding factor in this study, however, is the fact that 
insect productivities and biomass, including shredders, are not the 
same in the two stream types. It could be argued that the fact that 
the high alkalinity stream had more insects in it capable of processing 
a leaf pack resulted in the faster processing rates. If more insects 
are chewing on a leaf pack in one stream than another, it will lose 
more weight more rapidly (Cummins et al. 1973, Harrison 1977, Short 
and Maslin 1977). 
Because of this complication of differential insect productivity, 
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a second leaf pack type was tested that excluded most insect activity in 
both stream types. Packs, identical in all other respects to the packs 
used in the open pack studies, were tied inside fine mesh nylon bags 
constructed from nylon stockings. It was assumed that since most 
shredder organisms were excluded from the packs, any loss in weight 
would be attributed to microbial activity. Some problems are associated 
with packs of this type. The fine mesh size cuts down on water current 
so rates cannot be compared to open packs. Also because of the lower 
turnover of water, some oxygen deficiencies may exist inside these packs 
(Petersen and Cummins 1974, Reice 1974). The relatively small pack 
sizes (6.0 and 2.0 grams) used in this study resulted in this being less 
of a problem than in studies utilizing larger leaf packs. With larger 
packs there is a greater area that is not exposed to direct water flow. 
With the smaller packs, a larger percentage of the pack is exposed to 
relatively oxygen-rich water, reducing the importance of oxygen limita-
tion. It was observed that some silt which collected inside the bags 
may have contributed to the oxygen deficiency problem. However, the 
purpose of this study was to compare weight loss in these packs between 
stream types, not between open and mesh packs. The same pack types 
were used in both streams under the same conditions, so the comparisons 
are assumed to be valid. 
The results from the mesh pack experiments shed important light on 
the open pack results. Although the mesh leaf packs from both streams 
had the same weights at the conclusion of the study, the pattern of 
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weight loss showed one very important difference. The leaf packs in 
the high alkalinity stream exhibited rapid early weight loss at the 
first collection period followed by more moderate weight loss. The 
packs in the low alkalinity streams, on the other hand, showed essen-
tially no .weight loss at the first collection period followed by rapid 
weight loss later. This pattern was seen during both the autumn-winter 
and spring-summer studies. 
These results indicate that leaf packs in the high alkalinity 
stream experienced more rapid microbial colonization than packs in the 
low alkalinity stream and, as a result, experienced more rapid weight 
loss even in the absence of shredders. The results also indicate that 
only a certain amount of the leaf pack can be processed in a rapid 
manner by microbes alone. The packs in the high alkalinity streams, 
after experiencing rapid early processing, showed decreased weight loss 
later, allowing the packs in low alkalinity streams to catch up in total 
weight loss after a later, rapid loss phase. 
These results suggest that packs in the high alkalinity stream do 
experience more rapid colonization by microbes, This means leaves in 
the high alkalinity stream may be "processed" into acceptable food for 
shredder organisms more rapidly. Therefore, the hypothesis that detritus 
processing times are the same in both high and low alkalinity streams 
is rejected. 
Douglas-fir Leaves 
It has been shown that dead conifer leaves break down at a much 
slower rate than most deciduous leaves in streams. Barlocher et al. 
(1978) found that the maximum colonization of Pinus resinosa needles 
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by hyphomycete fungi did not take place until after the leaves were in 
the stream for 216 days. Sedell et al. (1975) found that needle packs 
of Pseudotsuga menziesii and Tsuga heterophylla had to be in the stream 
for 140 days before any substantial insect activity took place on the 
leaves. The Douglas-fir needles in this study experienced very little 
weight loss during the study and showed no significant difference 
between stream types. The duration of this study was less than the 
time spans mentioned above and since the needles were enclosed in fine 
mesh bags, any potential insect activity was excluded. 
Since streams in both areas flow through areas of Douglas-fir, in-
put from this tree may be a significant food source. Howev~r, the 
extremely slow processing rates seen for conifer needles shows that the 
food value is limited. Woodall and Wallace (1972) found that of four 
streams, the lowest density and biomass of insectswerein the stream 
flowing through a white pine plantation. For these sites used in this 
study, Douglas-fir was not an important part of the riparian canopy 
except for the Kitty Creek site, the highest productivity, low 
alkalinity stream. 
Autumn vs. Spring Leaf Packs 
There were two important differences in the make-up of leaf packs 
between the autumn and spring processing studies. These were size of 
packs and pack structure. At the conclusion of the autumn study, it 
was felt that the classic way of stacking leaves and fastening them 
together exhibited certain deficiencies. It was also decided that 
smaller leaf packs would be more favorable. The results show that 
although patterns of processing were similar for both studies, rates 
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were different. Nearly twice as much weight was lost in the mesh packs 
during the spring study as was lost during the autumn study. A portion 
of this increased weight loss may be attributed to the change in pack 
structure and size. The spring pack style was loosely packed with 
fewer leaves. This allowed for improved colonization potential because 
a smaller percentage of the pack was inaccessible to microbe coloniza-
tion or insect activity. Other factors, however, also changed between 
study periods. The spring packs were placed in the stream in mid-April, 
prior to runoff and were collected in late June and mid-September. 
These packs, therefore, were in the stream during late spring runoff 
and during the warm temperatures of summer. The autumn packs, on the 
other hand, were in the stream during the period of the year that water 
levels are lowest and during the cold water periods of late autumn and 
winter. 
The heavy runoff during spring may have contributed to breakdown 
by increasing mechanical wear on the packs. The increased force of the 
water against the packs may have assisted in tearing the packs apart. 
Also, during runoff, much silt and sand is carried in the current, 
possibly resulting in a sandblasting effect on the leaves. This again 
would result in mechanical removal of leaf material. The heavy current, 
however, may reduce microbial and insect activity on the leaves for the 
same reasons, strong current and the scouring effect. 
The temperature effect very likely had an important influence on 
the differential rates of processing between sampling periods. This 
temperature effect has been suggested by other workers (Suberkropp eta!. 
1975, Short and Ward 1980). Microbial and insect activity may be higher 
during the warmer months, leading to possible higher rates of detrital 
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processing, although Muller-Haeckel (1977) found maximum production of 
Hyphomecetes conidia in September/October in a sub-arctic stream and 
concluded that the maximum production of this important group of detrital 
processors was not related to high water temperatures. The September/ 
October maximum production period was during the .period of maximum 
leaf fall, though, which could have been more important than water 
temperatures in stimulating conidia production. One may wonder what 
conidia production would be if maximum leaf fall coincided with high 
water temperatures. 
Breakdown Coefficients 
The coefficients of decay (K) for leached open thinleaf alder 
(Alnus tenuifolia) packs ranged from .0173 for spring and .0057 for 
autumn-winter high alkalinity packs to .0023 for autumn-winter and .0005 
for spring low alkalinity packs. These values fell into the range of K 
values found by Petersen and Cummins (1974) for deciduous leaves in 
Augusta Creek, Michigan. The K values for this study, however, ranged 
from what Petersen and Cummins defined as "slow'" processing leaves 
(K<.005) to "fast" processing leaves (K>.OlO) depending upon stream and 
season. Both the autumn-winter and spring values for the low al~alin­
ity stream fell into the slow processing category, while the autumn-
winter value for the high alkalinity stream fell into the medium 
processing category. There was as much difference between stream types 
and between seasons for a single species of leaf in this study as there 
was for the range of leaf species in the Petersen and Cummins (1974) 
study. 
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Short and Ward conducted a leaf pack processing study during 
autumn and winter using the same species of alder in two low alkalinity 
(11.0 and 22.5 mg/1) Colorado streams. The K values they calculated 
were much higher than any of the values reported in the review of leaf 
litter processing literature presented by Petersen and Cummins (1974). 
This was true even for studies carried out during the warm summer 
months and in experimental streams with a high biomass of shredders. 
The Short and Ward (1980) K values were also much higher than the 
values calculated for this study, although the same species of leaf was 
used and both experiments were carried out in mountain streams. The 
streams in the Short and Ward study were much larger than those in this 
study, but Short et al. (1980) report a similarly very high K for a 
small Colorado headwater stream nearby. Short and Ward (1980) report 
that 90 percent of alder packs would be processed in just 50 days in 
one of their streams, the Colorado River, and that this rate nearly 
equals the rate Hart and Howmiller (1975) found for much warmer southern 
California streams, Petersen and Cummins (1974), on the other hand, 
report a 90 percent processing time of 240 days for two of their 
fastest processing leaves, Cornus and Fraxinus. The small, well-shaded, 
hard water Augusta Creek, which depends largely upon leaf input as a 
major energy source and has a high productivity of aquatic insects, 
including shredders, has a slower processing time than the larger, more 
open, soft water Colorado River, which Short and Ward (1980) report 
has virtually no shredders. The authors explain the extremely high K 
values on the increased water temperatures below an upstream impound-
ment and the resultant increased -microbial activity, and on surficial 
scraping by the large numbers of the scraper-collector (Merritt and 
84 
Cummins 1978) Ephemerella infrequens. Microbial action alone accounts 
for significant amounts of detrital processing as noted in this study 
and others (Triska 1970, Benfield et al. 1977), but studies have 
demonstrated that the addition of shredder organisms greatly increases 
processing (Cummins et al. 1973, Barlocher and Kendrick 1974, Short and 
Maslin 1977), even to the point of doubling it (Petersen and Cummins 
1974). This author feels it is unlikely that the increase in water 
temperature alone in the Short and Ward (1980) study, particularly with 
shredder absence, could account for the processing rate approaching that 
seen in much warmer southern California streams (Hart and Howmillerl975) 
in which shredders were present. The activity by Ephemerella infrequens 
was supposition, not documentation. Activity by large numbers of these 
mayflies may affect the packs, but probably not to the extent seen in 
their example, since they do not shred leaves. These explanations also 
do not account for the very high coefficients of decay seen in the other 
two streams discussed. Other factors may be operating to remove weight 
from the packs. A stronger current pushing on the packs, silt and sand 
particles sandblasting the packs, breaking off or sloughing of parts 
of the packs, different methods of pack construction and handling, or 
the preservative used are just a few possible reasons for the compara-
tively higher K factors found in the Short and Ward (1980) study. 
Leaf Pack Respiration 
Because of the highly variable results, the leaf pack respiration 
data were not used in this study. A respiration study likely 
would give some valuable insight to the patterns of detrital coloniza-
tion in high and low alkalinity streams. However, the simple 
closed-bottle respiration experiment used in this study had too many 
apparent flaws to give reliable results. A more advanced flow-through 
type respiration experiment may give more reliable results. 
Detrital Drift 
85 
The amount of detritus input to a stream may affect aquatic insect 
productivities .due to differential food inputs alone. Some studies, 
such as that by Fisher and Likens (1973), have intensively studied in-
puts of allochthonous organic matter into streams. This type of study, 
however, is detailed and very time consuming and was deemed beyond the 
scope of this study. A crude estimate of detrital input differences, 
however, was made by taking drift measurements of leaves and other 
detritus in each of the streams during peak leaf fall. No significant 
difference in detrital drift was noted between stream types. This was 
expected because each of the streams had the same general character, 
that of a western mountain stream with a well-defined deciduous riparian 
zone. None of the streams was totally shaded as small eastern woodland 
streams often are (Minshall 1967, Cummins etal. 1972, 1973, Fisher and 
Likens 1973), yet none was of the open desert type such as Deep Creek, 
Curlew Valley, Utah and Idaho (G. W. Minshall, personal cummunication). 
The mean drift value for the high alkalinity streams was higher than 
that for the low alkalinity streams, but it is suggested that the canyon 
wind blowing during the high alkalinity sampling period contributed to 
this difference. 
Detrital Standing Crops 
If detritus is processed more rapidly in high alkalinity streams. 
as noted herein, and if inputs are the same in the two stream types, as 
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suggested above, then one may conclude that there would be a lower mean 
annual standing crop of detritus collected from the high alkalinity 
streams. This, however, was not the case as there was no significant 
lifference in detritus standing crops between stream types. Egglishaw 
(1964, 1968), on the other hand, found higher numbers of invertebrates 
at sites that had higher amounts of detritus. This also did not occur 
in this study. In fact, one of the high productivity sites; Curtis 
Creek, had one of the lowest detrital standing crops. A relatively 
large amount of riffle bottom was sampled and combined in one container 
and this may have masked possible detritus-invertebrate relationship~ 
at the microhabitat level. This type of sampling was intentional, how-
ever, to mask any invertebrate differences attributable to small, local 
variations in the physical environment. Also, no particle size differ-
entiationwasmade for detrital standing crops. When detritus is 
processed, it is not totally removed from the system, but often merely, 
reduced in size. Therefore, in equal input systems, the faster pro-
cessing system may still have similar detrital standing crops made up of 
smaller particles. 
Insect Survivals in Each Water Type 
Two separate experiments were conducted to determine if insects 
from the high productivity, high alkalinity streams survived equally 
well in the low productivity, low alkalinity water. The original box 
experiment was a modification of one conducted by Minshall and Minshall 
(1978) in the River Duddon, which changes water chemistry after crossing 
a fault. They found differential survivals of Gammarus in the two 
water types, and after several other experiments, determined that the 
reason for the lower survivals in the softer water upstream regions 
was a lack of potassium in the water. As has already been discussed, 
potassium levels for the streams used in the present study did not 
differ significantly and were ruled out as a possible contributing 
factor. This experiment encountered several major problems. One 
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was heavy siltation between . the rubble particles in the boxes, elimi-
nating habitat for the insects inside. Another was the growth of algae 
on the mesh across the top of the boxes, reducing flow of water into 
the boxes. Finally, one box was washed downstream in Temple Fork. 
These factors led to extremely variable and unreliable results. 
A second experiment was designed to test the same factors, but 
under the controlled conditions of the. laboratory. By using flasks 
filled with each water type and bubbled to produce current and high 
oxygen concentrations, the insects could be observed often, without 
destroying the experiment. Other confounding factors could also be 
eliminated. Experiments were terminated when conditions inside the 
flasks had obviously changed, or, in the case of Ephemerella colora-
densis, emergence started. 
Since none of the insects tested showed any difference in survival 
between water types, it is concluded that the water chemistry of the 
streams was not directly responsible for the differences noted in 
insect abundance and production between stream types. In fact, for 
Ephemerella coloradensis, survivals were the same in distilled water as 
in the two other water types. Apparently, there was no micronutrient 
limitation or presence of a toxic substance that killed the insectsout-
right. Therefore, the hypothesis that limiting factors do not affect in-
sect survivals in either high or low alkalinity streams is not rejected. 
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Algal Standing Crop 
The results of the algal standing crop studies indicate that more 
food is available to grazer organisms in the high alkalinity streams 
during all times of the year. Although true primary production was not 
measured, the consistently higher standing crops in the high alkalinity 
streams are a good indication that primary productivity is higher in 
these streams than in the soft water streams. The hypothesis that alka-
linity is not related to the primary productivities of streams is there-
fore rejected. 
The autumn and spring peaks in chlorophyll can easily be explained. 
Upon abscission of leaves from the deciduous ~treamside vegetation, the 
stream becomes much more open. This increase in solar input occurs 
when water temperatures ' are still above the very cold winter levels, and 
the angle of the sun is still such that much of the light penetrates the 
water rather than being reflected. The large amount of soluble . material 
leached from the leaf litter inputs also increases the nutrient content 
of the stream water. These factors can combine for a spurt in algal 
activity. .In the winter, the stream is free of deciduous shading, but 
water temperatures are low, snow and ice cover some parts of thestream, 
day length is short, and the angle of the sun is such that much of the 
light is reflected off the water surface. This all combines to greatly 
reduce primary productivity during the winter. During the spring, the 
sun is higher in the sky, stream water temperatures have risen, nutrient 
availability increases with runoff, and the deciduous shrubs have 
not yet opened their leaves. Primary production rises. In the summer, 
the water temperatures are high and the sun is high in the sky, but 
much of the stream is shaded. If the shading is great enough, primary 
production \vill be reduced during the sunnner months. 
Macroinvertebrates 
Invertebrate Production 
Although many recent papers have discussed various procedures for 
estimating secondar~ production in streams (Waters 1962, 1969b, 1977, 
1979, Hynes and Coleman 1968, Hamilton 1969, Fager 1969, Allen 1971, 
Waters and Crawford 1973, Zwick 1975, Benke and Waide 1977, Cushman 
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et al. 1978, LeBlond and Parsons 1977, 1978, Benke 1979, Gillespie and 
Benke 1979, Krueger and Martin 1980, Menzie 1980), relatively few authors 
have calculated production using actual field data. Most of those 
that have used field data investigated only one (Kimerle and Anderson 
1971, Waters and Cra\vford 1973, McClure and Stewart 1976, Hall et al. 
1980, Waters and Hokenstrom 1980) or a few taxa (Gillespie 1969, 
Eckblad 1973, Zelinka 1973, Winterbourn 1974, Cushman et al. 197 5, 
Benke 1976, Martien and Benke 1977, Cover and Harrel 1978, Benke and 
Wallace 1980), or the entire stream fauna as a whole (Hynes and Cole-
man 1968). Reger (1980) caiculated production of the 12 most important 
taxa from disturbed high alkalinity sites in the Logan River, Utah, 
system. The present study calculated the annual production of 29 taxa 
at 12 sites on eight undisturbed streams from two geologic regions. 
A few workers have studied the relationship between aquatic 
insects and water hardness. Armitage (1958) concluded that alkalinity 
had an effect on aquatic insect standing crops in the Firehole River, 
Wyoming, and that for Trichoptera, it was a positive correlation, while 
for Ephemeroptera, it was a negative correlation. The present study 
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differed from that conclusion, finding that both Trichoptera and 
Ephemeroptera had higher productivities and standing crops in the high 
alkalinity streams. · 
Slack (1955) compared a high with a low alkalinity Indiana stream 
and concluded that the high alkalinity stream was more productive 
than the low alkalinity stream. Two important problems with his study 
must be noted, namely that the streams were considerably different in 
size and that the high alkalinity stream was permanent while the low 
• 
alkalinity stream was intermittant. Either of these factors alone 
could account for differences in productivity. In the present study, 
special care was taken to avoid such discrepancies. 
Even though a large part of the total difference between stream 
types in this study was due to a few insects with very high production 
in the high alkalinity streams (Ephemerella, Baetidae, Hydropsychidae) 
most insects were significantly more productive in the high alkalinity 
streams, indicating that factors were affecting production of most 
taxa, not just a few very abundant ones. Although most taxa were more 
productive in the high alkalinity streams, four actually had higher 
mean productivities in the low alkalinity streams. This may be because 
these insects react favorably to the reduced -competition and/or the 
factors that reduced the productivities of the other taxa did not 
affect these in the same manner. There may also have been some subtle 
habitat or other environmental difference not noted that was more 
favorable to these insects in the low alkalinity streams. 
Plecoptera 
The mean production for the order Plecoptera in the high alkalinity 
• 
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streams was over twice that of those in the low alkalinity streams, 
yet production of only two of the families was significantly higher in 
the high alkalinity streams. The family Nemouridae was one of four 
taxa that had a mean production value that was higher in the low 
alkalinity streams, although the difference was insignificant. There 
was comparatively little difference between all 12 sites for this taxon 
and the coefficients of variation for both regions were quite low 
compared to other taxa. Since the total annual production of all 
insects was much higher in the high alkalinity streams, and there was 
no significant difference in production of Nemouridae between regions, 
the Nemouridae made up a much larger percentage of total production in 
the low alkalinity streams. In fact, the total annual production was 
so much higher in the high alkalinity streams that there were several 
other taxa that were significantly much more productive in the high 
alkalinity streams but made up a larger percentage of the total in the 
low alkalinity streams. 
The family Perlodidae was one of three predaceous stonefly 
families encountered. The production, although higher in the high 
alkalinity streams, was not significantly higher. The other two 
predaceous stonefly families, Chloroperlidae and Perlidae, were signi-
ficantly more productive in the high alkalinity streams, with the 
Perlidae being absent from the low alkalinity stream samples. 
Of the four high alkalinity streams, three had a combined 
2 predaceous stonefly production of over 2.0 g/m • In each of these 
three streams, one of the three stoneflies dominated, with a different 
one dominating in each stream. Perlidae was the most numerous taxon in 
Curtis Creek, Chloroperlidae was most numerous in Logan River, and 
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Perlodidae dominated the predaceous stoneflies of Left Fork Blacksmith 
Fork. Temple Fork had a much lower production of predaceous stoneflies 
2 than the other three high alkalinity sites with less than 1.0 g/m . As 
will be seen later, though, this stream had the highest production of 
the predaceous caddisfly, Rhyacophilidae. More discussion of the 
predaceous insects and the apparent ecological replacement will be 
presented later. 
The large shredder stonefly, Pteronarcidae, was found in low 
numbers at only one stream, Left Fork Blacksmith Fork. Because it was 
found at only this one stream, the production was not significantly 
higher in the high alkalinity region. 
Ephemeroptera 
Of the ten mayfly taxa studied, six had significantly higher pro-
duction in the high alkalinity streams, two had mean values that were 
non-significantly higher in the high alkalinity streams, and two had 
significantly higher production in the low alkalinity streams. 
Three genera of the family Heptageniidae were ~ollected in this 
study, Rhithrogena, Cinygmula, and Epeorus. The Cinygmula was signi-
ficantly more productive in the high alkalinity streams, theBhithrogena 
was non-significantly more productive in the high alkalinity streams, 
while the Epeorus was significantly more productive in the low alka-
linity streams. Within the high alkalinity streams, summed production 
of the three Heptageniids was very similar for three of the four 
streams. The production in Left Fork Blacksmith Fork, however, averaged 
more than an order of magnitude less than the other three streams, 
indicating that this family is of much less importance in this stream 
reach. This also points out the variability that may be encountered 
between similar streams in a single small region. 
Variability was also seen between streams in a singie region 
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among the four species of the genus Ephemerella that were collected. 
All species, with the exception of E. doddsi, were significantly more 
productive in the high alkalinity streams. Ecological replacement, 
similar to that seen in the predaceous stoneflies before, is suggested 
with these mayflies. All are classified as collectors-gatherers by 
Merritt and Cummins (1978) and atl occupy similar habitat (Merritt and 
Cummins 1978). All four high alkalinity streams were dominated by one 
or two species but no stream had all four in high numbers. E. doddsi 
was very productive in the Logan River and Curtis Creek but of less 
importance in Temple Fork and almost non-existent in Left Fork Black-
smith Fork. E. coloradensis was very productive in Logan River and 
Temple Fork and somewhat productive in Curtis Creek, but again essen-
tially absent from Left Fork Blacksmith Fork. E. grandis, on the other 
hand, was absent from Logan River and of little importance in Temple 
Fork and Curtis Creek. This species was very abundant in Left Fork 
Blacksmith Fork, the stream that had low densities of the other species 
in this genus. E. inermis was somewhat abundant in Left Fork Black-
smith Fork, but less so at the other three sites. Production of the 
family Ephemerellidae was an important factor contributing to the great 
difference in production between regions. The summed mean annual 
production of this family was over an order of magnitude higher in the 
high alkalinity streams than in the low alkalinity streams. 
The mayfly family Baetidae was also an important contributor to 
the production difference between regions, with over an order of 
magnitude difference. This family was the most important single taxon 
in the high alkalinity streams, accounting for 29.1 percent of total 
production. 
Neither Paraleptophlebia or Siphlonuridae were important contrib-
utors to production in either region. Siphlonuridae was one of the 
taxa that had significantly greater production in the .low alkalinity 
streams. Paraleptophlebia, being almost absent from low alkalinity 
streams, was significantly more productive in the high alkalinity 
streams. 
Trichoptera 
Five caddisfly families were collected in numbers great enough to 
allow production calr:ulation, and all five were significantly more 
productive in the righ alkalinity streams. 
The family Hydropsychidae was the most productive caddisfly in 
both the high a=d low alkalinity streams, ranking among the highest 
producing organisms in both regions. As a result, it is of approxi-
mately equal importance to total production in each region, although 
its production is nearly an order of magnitude higher in the high 
alkalinity streams. 
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The caddisfly family Rhyacophilidae was also an order of magnitude 
higher in production in the high alkalinity streams. This predator 
was found in lowest densities in the high alkalinity region in Left 
Fork Blacksmith Fork. This stream, on the other hand, had a high pro-
duction of the predaceous dipteran, Athericidae, which was lacking or 
found in low numbers in the other streams. 
Of the remaining three taxa, only the Limnephilidae group 
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accounted for over 1.0 percent of average annual · production in either 
region. This was a variable group, with some streams having a high 
production and others, a very low production of the taxon. This, of 
course, led to a very high coefficient of variation in each region. 
Diptera 
Production was calculated for seven groups from six families of 
the order Diptera. The family Tipulidae was split into two groups, 
large and small, based on the great difference in maximum size attained 
by members of the two groups. All members of this order were signifi-
cantly more productive in the high alkalinity streams. 
The Chironomidae was the most productive family of Diptera in 
both regions, making up 5.7 percent of total low alkalinity production 
and 3.8 percent of total high alkalinity production. 
2 Only one other Diptera, Simuliidae, averaged over 1.0 g/m pro-
duction in the high alkalinity streams. With an average production of 
1.1651 g/m2, it accounted for 3.4 percent of total high alkalinity 
production. It was less important in low alkalinity streams, with its 
average production of 0.0363 g/m2 accounting for only 0.8 percent of 
average total production. 
The large members of Tipulidae accounted for 2.6 percent of high 
alkalinity production, but only 0.2 percent of low alkalinity pro-
duction. By combining both Tipulidae groups and getting one family 
value, average high alkalinity production became 1.1972 g/m2 and 3.5 
percent of total production. The family was still relatively unimpor-
tant in low alkalinity streams with an average production of 0.0201 
2 g/m accounting for only 0.4 percent of total production. 
The remaining taxa each accounted for less than 1.0 percent of 
total production for either stream type. 
Coleoptera 
The family Elmidae was the only representative of the beetles and 
it was almost absent from the low ~lkalinity streams. Production was 
calculated using only the larval forms, since after becoming adults, 
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no growth or net production is realized. This insect was significantly 
more productive in the high alkalinity streams and accounted for 1.0 
percent of average total production in the high alkalinity streams. 
Hydracarina 
This aquatic mite is the only non-insect invertebrate considered in 
this study. It was included because it accounted for a considerable 
percentage of invertebrates sorted from the smaller sieve sizes. Its 
production was significantly higher in the high alkalinity streams, 
although its percent of total production was nearly the same in both 
stream types. These production values are conservative because the 
smallest sieve size used in this study had openings larger than its 
smaller instars. As a result, only larger size classes of Hydracarina 
were used in production calculations. 
Standing Crops 
The standing crops of all invertebrates very closely mirrored 
the production values. All invertebrates that were significantly more 
productive in the high alkalinity streams also had significantly higher 
standing crops. The levels of significance were also very similar. 
This would suggest that standing crop may be an effective predictor of 
production. 
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No size class separation is necessary for standing crop determina-
tion, and since the smaller size classes account for a relatively 
small percentage of total biomass, less emphasis need be placed on 
finding the smallest individuals. Because of this, determination of 
standing crop is much less tedious than the estimation of annual pro-
duction. For certain applications, production may be adequately 
predicted from standing crop data. For many management applications, 
the exact production value is not necessary, but a rough estimate 
would be useful. 
The standing crop estimations that are so closely related to 
annual production in this study are mean annual standing crop values 
calculated from year-round sampling. Standing crop estimates calculated 
from samples taken at one time of the year would be less likely to 
effectively predict production for any particular taxon due to biomass 
changes associated with position in the life cycle. If samples were 
taken just before emergence, very high biomass values would be calcu-
lated, while if samples were taken only a few weeks later, just after 
emergence, very low biomass values would be calculated. These two 
samples would lead to two very different estimates of production. Some 
estimate of mean annual standing crop would still be necessary, but 
even here it is less likely that samples need to be taken as often as 
for direct annual production calculations. 
Turnover Ratios 
The average annual turnover ratios (TR) of 6.97 for high alkalin-
ity stream insects and 6.70 for low alkalinity stream insects were 
considerably higher than the TR of 3 to 4 suggested by Waters (1969b) for 
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aquatic insects. Waters' turnover ratios are life-cycle turnover 
ratios, however, while those in this study are annual turnover ratios. 
A certain percentage of time is spent in the egg, pupae and/or adult 
stages which is taken into account with life-cycle TR calculations but 
not with annual TR calculations. Also, some insects produce more than 
one cohort per year, which would again lead to a life-cycle TR that is 
different than the annual TR. Since all other phases of production in 
this study used annual values, annual TR values were also used. The 
results indicate that for an entire insect community, in either high or 
low alkalinity streams, the annual TR value may be very similar. This 
value, combined with an estimate of mean annual standing crop, can be 
used to calculate the annual production of the community. 
Density 
Invertebrate density estimates exhibit certain weaknesses that 
hinder their usefulness as predictors of production. The total mea~ 
density of invertebrates in the high alkalinity streams was signifi-
cantly much higher than densities in low alkalinity streams. However, 
for some taxa, the production was higher in high alkalinity streams, · 
but density was not. For others, the density was higher but production 
was not. Also, density estimates depend upon accurate enumeration of 
all individuals of a particular taxon, even the smallest. This is very 
tedious and expensive. In many management studies, only the relatively 
few, larger specimens are sorted. The easily overlooked, yet very 
numerous early instar individuals usually make up a relatively small 
percentage of biomass. Therefore, it is not likely that density would 
be as effective an estimator of production as would standing crop. 
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Predators 
Percentage wise, predators were more numerous in the low alkalinity 
streams than they were in the high alkalinity streams. However, in 
terms of absolute production, predators were still more productive in 
the high alkalinity streams. This is true even for the Perlodidae which 
made up 13.4 percent of production in the low alkalinity streams but 
only 2.6 percent in the high alkalinity streams. Total average produc-
tion was still higher in the high alkalinity streams for this predaceous 
stonefly. 
The reasons for the higher percentage of predators in the low 
productivity stream are not clear. There is, however, one speculative 
factor that may contribute to the discrepancy. In the bigh alkalinity 
streams, prey is very abundant relative to predators. Therefore 
food may not be a factor limiting production of the predaceous insects. 
Other factors such as habitat or predation may be limiting predator 
numbers before food limitation comes into play. If food supply is not 
an important factor affecting productivities of these insects, they, 
in turn, may not greatly affect the numbers of prey organisms. This 
would lead to relatively high numbers of prey insects, thereby reducing 
the percentage of predator insects in the total, although predator 
production remains high. 
In the low alkalinity streams, prey production is much lower. 
Prey may be so scarce as to limit production of the predaceous insects. 
This could account for the lower total production of predators in the 
low alkalinity waters. If prey is scarce, predator activity may affect 
prey abundance in a significant way. By cropping back prey abundance 
because of heavy predator pressure, the percent composition of predators 
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in the streams increases although predator production decreases. These 
factors are discussed by Varley et al. (1973) in discussions of para-
site-host situations and by Hassell (1978) regarding arthropod 
predator-prey relationships. 
Filterers 
The percent of total production for filterers was very similar for 
both stream regions even though total production of filterers was much 
higher in the high alkalinity streams. The lower total production 
value in the low alkalinity streams likely reflects the reduced amount 
of available food to filterers in these streams. The similar percent 
of total figures for both stream regions, however, suggest that 
filterer production, as a group, is not affected by reduced food avail-
ability any more than any of the other functional groups, and their 
contribution to community composition is the same under both high and 
low food availability conditions. 
Shredders 
The shredder results were very similar to those seen with the 
filterers. Actual production values were very much higher in the high 
alkalinity streams, although percents of total production were almost 
the same. This likely reflected the reduced microbial colonization 
rates on large particle detritus in the low alkalinity streams. Both 
stream types had similar inputs of allochthonous detritus, yet shredder 
production was much lower in the low alkalinity systems. This supports 
the idea that just because leaves fall into the stream does not mean 
that they are immediate food for the invertebrates. They must be 
colonized or "processed" first, and this processing takes place more 
rapidly in the high alkalinity streams. The high alkalinity streams 
can therefore support a higher productivity of shredder organisms. 
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The role that shredders play in preparing food for the filterers 
and gatherers is demonstrated by the fact that even though productivity 
differences are great between regions, percents of total production 
are very similar. This would support the premise that collector pro-
duction is at least partially affected by shredder activity. 
Gatherers 
Gatherers were by far the largest functional group of stream 
insects in both stream types, and their productivity pattern was quite 
similar to that seen with the shredders and filterers. Production 
differences between the two regions were great, but percents of total 
production were quite similar. The reduced production in the low 
alkalinity streams likely reflects reduced food availability in these 
streams, but the similar percents of total production values demonstrate 
that gatherers, as a group, suffer little more from lack of food than 
do the other detritus-eating groups. The 9 percent total difference is 
greater than the differences seen for the other detritus-eating groups, 
but 9 percent of 60 percent or 69 percent is not ~uch different than 
1.1 percent of 6.2 percent or 7.3 ·percent as seen for shredders. Also, 
many of these gatherers are small, mobile insects that are likely prey 
for predaceous insects. If higher predator pressure does exist in the 
low alkalinity streams, as discussed earlier, this is the group that 
would be most affected by such ·pressure. 
Scrapers 
Only one taxon was considered primarily a scraper, and it 
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accounted for less than 1.0 percent of total production in both stream 
types. It appears, therefore, that scrapers are very unimportant 
insects in these streams. This is misleading, though, for Merritt and 
Cummins (1978) list scraper as a secondary functional group for several 
taxa. Many more insects than just Glossosomatidae are scraping algae 
in these streams. Therefore, an increase in attached algae production 
in one stream type over another is an increase in available food for 
that stream type. 
Interspecific Competition 
In at least two situations, two or more invertebrates in a region 
had very similar food, feeding, and/or habitat requirements, although 
one or more were absent from one stream and dominant in another. This 
was true with the three large species of Ephemerella mayflies, 
E. grandis, E. coloradensis, and E. doddsi in the high alkalinity 
streams. In streams in which E. grandis was absent, E. coloradensis 
and/or E. doddsi were abundant. In Left Fork Blacksmi~h Fork, however, 
E. grandis was abundant and E. coloradensis and E. doddsi were absent. 
A similar situation was also noted for the predaceous stoneflies where, 
in three high alkalinity streams, three different stoneflies dominated 
to the exclusion or near exclusion of the others. These two situations 
suggest strong interspecific competition to the extent that one or more 
species are eliminated in favor of the survivors. This is, of course, 
just one possible explanation for the situations. Others may include 
geographic isolation, climatic conditions during the previous emergence, 
disease, and/or environmental factors which favor one species. 
Macroinvertebrate Production and Food Availability 
This study had two primary objectives. One was to determine if . 
high alkalinity mountain streams had higher productivities of aquatic 
macroinvertebrates than low alkalinity mountain streams. The second 
was to determine if any productivity difference might be related to 
the availability of two important invertebrate ·foods, attached algae 
and "processed" detritus. 
103 
As noted herein, the high alkalinity streams had significantly 
higher total production of invertebrates and higher production of most 
individual taxa than the low alkalinity streams. The standing crops 
of attached algae on artificial substrates were statistically higher in · 
the high alkalinity streams. Also, the processing rate of alder 
leaves was faster in the high alkalinity streams indicating that 
detrital inputs become available food to invertebrates faster in these 
streams. Since detrital. input, insect survival and physical differ-
ences between study regions were insignificant, the differences in 
food availability most likely were important factors contributing to 
the differences in insect production. 
With attached algae, the increased food availability appears to 
be simply a faster growth rate of algae in the high alkalinity streams. 
While standing crops on artificial substrates are not measures of 
primary production in the strict sense, they can be used as reliable 
estimates of productive capabilities, especially in a comparative 
manner. This study did not attempt to determine the causes of the 
differential algal production between stream types, but it did 
demonstrate that the more productive high alkalinity streams had a 
greater availability of an important food in lotic ecosystems, 
attached algae. 
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With detrital inputs, the higher processing rate in .. the high alka-
linity ?treams resulted in more highly concentrated food in these 
streams even if detrital inputs were the same in both stream regions. 
Detrital material is utilized in a stream system over and over again 
following microbial colonization and recolonization (Barlocher and 
Kendrick 1974). In the high alkalinity system, leaf pack processing 
was more rapid, indicating leaf inputs would become available food more 
rapidly in these systems. Shredders would therefore attack large leaf 
particles more rapidly in the high alkalinity streams. Since material 
is constantly being flushed downstream in lotic ecosystems, organisms 
must utilize potential food when it is in their vicinity or they risk 
losing the food downstream. Because shredders can feed on leaves 
more quickly in the high alkalinity streams, the leaves would travel 
less distance downstream before being attacked. Since shredder activ-
ity results in smaller food particles for the next detritivore level, 
the earlier shredder activity in the high alkalinity system would 
result in smaller particles being available more rapidly. This 
increased rate of detritalavailabilitywould hold for each additional 
level of detrital usage. Therefore, for any given time or stream 
distance, more detritus can be utilized by more organisms in the high 
alkalinity system. This system would be able to support more 
invertebrates for a given stream reach on a given amount of detrital 
input due to a higher efficiency of resource utilization. The 
hypothesis that annual production of stream insects is not related to 
detritus processing time is therefore rejected. 
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SUMMARY AND CONCLUSIONS 
Numerous studies have investigated differences in stream processes 
associated with stream size, substrate, temperature, detrital species 
or other factors. However, little work has been done comparing 
processes between high and low alkalinity streams. This study investi-
gated macroinvertebrate productivity differenc~s, and factors that 
may be associated with such differences, in several high and low 
~lkalinity streams. 
It was determined that at the sites selected for study, the 
streams did not differ statistically in any of the physical character-
istics measured. These included mean width, mean depth, gradient, solar 
insolation, substrate size and mean temperature. 
In addition to total alkalinity, nine of ten chemical variables 
measured were significantly different between regions. Five of these 
variables, pH, specific conductance, total dissolved solids, calcium 
and magnesium, are usually associated with alkalinity and were all 
higher in the high alkalinity streams. Nitrate nitrogen was also 
significantly higher in the high alkalinity streams. Total phosphorus, 
total dissolved phosphorus and sodium were significantly higher in 
the low alkalinity streams. Potassium was found to be not different 
between regions. 
Total annual production of the 29 most abundant invertebrate taxa 
was calculated for each of the 12 stream sites. Total production of 
all taxa summed was much higher at each of the high alkalinity sites. 
Production of 22 of the 29 taxa studied was also statistically higher 
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in the high alkalinity streams. Only two taxa were significantly more 
productive in the low alkalinity streams. 
Survivals of insects in water from the two regions showed no 
differences for all taxa tested. 
Standing crops of algae on artificial substrates were statistically 
higher in the three high alkalinity streams studied than the three low 
alkalinity streams investigated. 
Estimates of detrital inputs based on drift measurements, and 
standing crops of detritus collected with invertebrate samples showed 
no significant differences between regions. 
Leaf pack processing studies were conducted with both thinleaf 
alder (Alnus tenuifolia) and Douglas-fir (Pseudotsuga menziesii) leaves. 
There was no difference in the processing rates of Douglas-fir between 
regions. 
Alder leaf packs were constructed in two different styles. One 
was the normal open leaf pack which allowed access to invertebrates. 
The second style took the same kind of leaf pack as above and tied it 
inside a fine mesh bag to eliminate access to all but the tiniest 
invertebrates. The open style packs experienced a much greater loss of 
weight in the high alkalinity stream. The mesh packs showed no 
difference in total weight loss in the two stream types at the conclu-
sion of the experiments, but the pattern of weight loss was consider-
ably different for the two stream types. In the high alkalinity 
streams, the packs experienced a rapid early weight loss which then 
stabilized. In the low alkalinity stream, the packs experienced little 
or no weight loss in the early phase, but then had a later rapid weight 
loss phase. 
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The high alkalinity streams in this study had a much higher pro-
ductivity of aquatic macroinvertebrates than the low alkalinitystreams. 
They also had higher standing crops of attached algae and faster pro-
cessing of alder leaves. Algae and processed allochthonous detritus 
are two major food sources for many aquatic invertebrates. It is 
concluded that a major reason for the great difference in invertebrate 
production between the physically similar high and low alkalinity 
streams in this study was the availability difference of these two 
food sources. The insects in the high alkalinity streams had much more 
of both food types available to them so a much higher annual production 
of aquatic invertebrates was supported. 
-
These results show the value of using total alkalinity, or some 
other highly correlated variable such as specific conductance or total 
hardness, as a predictor of aquatic productivity. Since only two alka-
linity ranges were compared in this study, linear predictability values 
cannot yet be formulated. However, the great differences in production 
seen between the two alkalinity ranges studied would suggest that 
further work with other alkalinity ranges may be warranted. 
Since the productivity differences were the result of complex food 
availability processes, there appears to be little that a stream 
manager could do to alter the conditions governing the food availability 
given the low intensity of most stream management practices. Fish 
stocking procedures and creel regulations could be affected by such 
productivity differences, however. Decisions about whether to use 
the stream as a natural food source to support planted fingerlings 
versus raising fish to catchable size in hatcheries, then stocking 
would be wiser if knowledge of stream productivity was available. 
Decisions about creel limits, size limits and seasons would also 
benefit from such information. 
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Table 16. Summary of annual production (afd gm m-2 yr-1), mean 
annual standing crop (afd gm m-2), annual turnover ratio 
(P/SC) and density (# m-2), by site, for Nemouridae 
(Plecoptera) for the Wyoming low alkalinity (<50 mg/1) 
sites and the Utah high alkalinity (>150 mg/1) sites, 1978-
1979. Numbers in parentheses are one standard deviation. 
Stream Site 
Clearwater Creek 
Goff Creek 
Kitty Creek 
Gunbarrel Creek (L) 
Gunbarrel Creek (M) 
Gunbarrel Creek (U) 
Mean Gunbarrel Creek 
Mean (SD) Non-Gunbarrel Sites 
Mean (SD) Wyoming Streams 
Curtis Creek 
Logan River 
Temple Fork 
Left Fk. Blacksmith Fk. (L) 
Left Fk. Blacksmith Fk. (M) 
Left Fk. Blacksmith Fk. (U) 
Mean Left Fk. Blacksmith Fk. 
Mean (SD) Non-LFBF Sites 
Mean (SD) Utah Streams 
Production 
.1180 
.3512 
.2985 
.3214 
.2998 
.3923 
.3378 
(.0483) 
.2559 
(.1223) 
.2764 
(.1079) 
.2176 
.1428 
.1539 
.2985 
.3135 
.4438 
.3519 
(.0799) 
.1714 
(.0404) 
.2166 
(.09.61) 
sc TR 
.0233 5.08 
.0807 4.35 
.0586 5.09 
.0688 4.67 
.0623 4.81 
.0871 4.50 
.0727 4.66 
(.0129) (.16) 
.0542 4.84 
( .0290) ( .42) 
.0588 4.80 
(. 0254) (. 36) 
.0462 4.71 
.0269 5.30 
.0315 4.88 
.0586 5.09 
.0662 4.73 
.0893 4.97 
.0714 4.93 
(.0160) (.18) 
.0349 4.96 
(.0101) (.30) 
.0440 4.92 
(.0200) (.-26) 
Density 
611 
1113 
1443 
1241 
1253 
1496 
1330 
(144) 
1056 
(419) 
1124 
(369) 
734 
735 
465 
1269 
984 
1835 
1363 
(433) 
645 
(156) 
824 
(381) 
119 
Table 17. Summary of annual production (afd gm m-2 yr-1), mean annual 
standing crop (afd gm m-2), annual turnover ratio (P/SC) 
and density (# m-2), by site, for Perlodidae (Plecoptera) 
for the Wyoming low alkalinity (<50 mg/1) sites and the 
Utah high alkalinity (>150 mg/1) sites, 1978-1979. Numbers 
in parentheses are one standard deviation. 
Stream Site 
Clearwater Creek 
Goff Creek 
Kitty Creek 
Gunbarrel Creek (L) 
Gunbarrel Creek (M) 
Gunbarrel Creek (U) 
Mean Gunbarrel Creek 
Mean (SD) Non-Gunbarrel Sites 
Mean (SD) Wyoming Streams 
Curtis Creek 
Logan River 
Temple Fork 
Left Fk. Blacksmith Fk. (L) 
Left Fk. Blacksmith Fk. (M) 
Left Fk. Blacksmith Fk. (U) 
Mean Left Fk. Blacksmith Fk. 
Mean (SD) Non-LFBF Sites 
Mean (SD) Utah Streams 
Production 
.8141 
.6184 
.5712 
.3638 
.3866 
. 7187 
,4897 
(,1986) 
.6679 
(.1288) 
.6234 
(.1378) 
.6511 
.9574 
.2125 
1.2769 
1.6920 
2.2931 
1. 7540 
( .5109) 
.6070. 
(.3744) 
.8938 
(.6499) 
sc TR 
.1432 5.68 
.1055 5.86 
.0982 5.82 
.0582 6.25 
,0635 6,09 
.1214 5.92 
.0810 6.09 
(.0351) (,17) 
.1156 5,79 
(.0242) (.09) 
.1070 5.86 
( .0262) ( .17) 
.0856 7.60 
.1292 7.41 
.0279 7.61 
.1669 7.65 
.2243 7.54 
.3022 7.59 
.2311 7.59 
( .0679) ( .06) 
.0809 7.54 
(.0508) ( .11) 
.1185 7.55 
(.0858) (.10) 
Density 
31 
42 
64 
43 
54 
44 
47 
(6) 
46 
(17) 
46 
(14) 
97 
69 
44 
150 
171 
286 
202 
(73) 
70 
(27) 
103 
(69) 
120 
Table 18. Summary of annual production (afd gm m-2 yr-1), mean annual 
standing crop (afd gm m-2), annual turnover ratio (P/SC) 
and density (# m-2), by site, for Chloroperlidae (Plecop-
tera) for the Wyoming low alkalinity (<50 mg/1) sites and 
the Utah high alkalinity (>150 mg/1) sites, 1978-1979. 
Numbers in parentheses are one standard deviation. 
Stream Site 
Clearwater Creek 
Goff Creek 
Kitty Creek 
Gunbarrel Creek (L) 
Gunbarrel Creek (M) 
Gunbarrel Creek (U) 
Mean Gunbarrel Creek 
· Mean (SD)- Non-Gunbarrel Sites 
Mean (SD) Wyoming Streams 
Curtis Creek 
Logan River 
Temple Fork 
Left Fk. Blacksmith Fk. (L) 
Left Fk. Blacksmith Fk. (M) 
Left Fk. Blacksmith Fk. (U) 
Mean Left Fk. Blacksmith Fk. 
Mean (SD) Non-LFBF Sites 
Mean (SD) Utah Streams 
Production 
.1318 
.0412 
.0858 
.1091 
.0874 
.1398 
.1121 
(.0263) 
.0863 
(.0453) 
.0927 
(.0392) 
.3090 
1.3419 
.2951 
.0670 
.1139 
.1125 
.0978 
(.0267) 
.6487 
(.6004) 
.5110 
(.5623) 
sc TR 
.0263 5.02 
.0092 4.50 
.0161 5.34 
.0219 4.98 
.0174 5.01 
.0294 4.76 
.0229 4.92 
( .0061) ( .14) 
.0172 4.95 
(.0086) (.42) 
.0186 4.95 
(.0076) (.35) 
.0602 5.14 
.2895 4.64 
.0588 5.02 
.0131 5.13 
.0273 4.17 
.0190 5.92 
.0198 5.07 
( .0071) ( .88) 
.1362 4.93 
(.1328) (.26) 
.1071 4.97 
( .1230) (.22) 
Density 
284 
42 
185 
168 
185 
232 
195 
(33) 
170 
(122) 
177 
(100) 
140 
625 
104 
24 
54 
121 
66 
(50) 
290 
(291) 
234 
(263) 
121 
Table 19. Summary of annual production (afd gm m-2 yr-1), mean annual 
standing crop (afd gm m-2), annual turnover ratio (P/SC) 
and density (# m-2), by site, for Perlidae (Plecoptera) 
for the Wyoming low alkalinity (<50 mg/1) sites and the 
Utah high alkalinity (>150 mg/1) sites, 1978-1979. Numbers 
in parentheses are one standard deviation. 
Stream Site Production sc TR Density 
Clearwater Creek 0 0 0 
Goff Creek 0 0 0 
Kitty Creek 0 0 0 
Gunbarrel Creek (L) 0 0 0 
Gunbarrel Creek (M) 0 0 0 
Gunbarrel Creek (U) 0 0 0 
Mean Gunbarrel Creek 0 0 
---
0 
Mean (SD) Non-Gunbarrel Sites 0 0 0 
Mean (SD) Wyoming Streams 0 0 0 
Curtis Creek 1.8234 .4132 4.41 44 
Logan River .0045 .0007 0 
Temple .fork .1638 .0371 4.41 3 
Left Fk. Blacksmith Fk. (L) .2929 .0632 4.64 14 
Left Fk. Blacksmith Fk. (M) .2932 .0671 4.37 9 
Left Fk. Blacksmith Fk. (U) .3911 .0912 4.29 7 
Mean Left Fk. Blacksmith Fk. .3257 ,0738 4,43 10 
(.0566) ( .0152) (.18) (4) 
Mean (SD) Non-LFBF Sites .6639 .1503 4.41 16 
(1.0073) (.2284) < .oo) (25) 
Mean (SD) Utah Streams .5794 .1312 4.42 14 
(. 8397) (.1904) ( .01) (20) 
122 
Table 20. Su~ary of annual production (afd gm m-2 yr-1), mean annual 
stand.ing crop (afd gm m-2), annual turnover ratio (P/SC) 
and density (# m-2), by site, for Pteronarcidae 
(Plecoptera) for the Wyoming low alkalinity (<SO mg/1) 
sites and the Utah high alkalinity (>150 mg/1) sites, 1978-
1979. Numbers in parentheses are one standard deviation. 
Stream Site Production . sc TR Density 
Clearwater Creek 0 0 0 
Goff Creek 0 0 0 
Kitty Creek 0 0 0 
Gunbarrel Creek (L) 0 0 0 
Gunbarrel Creek (M) 0 0 0 
Gunbarrel Creek (U) 0 0 0 
Mean Gunbarrel Creek 0 0 0 
Mean (SD) Non-Gunbarrel Sites 0 0 0 
Mean (SD) Wyoming Streams 0 0 0 
Curtis Creek 0 0 0 
Logan River 0 0 0 
Temple Fork 0 0 0 
Left Fk. Blacksmith Fk. (L) .16S4 .1465 1.13 19 
Left Fk. Blacksmith Fk. (M) .1424 .11S4 1.23 23 
Left Fk. Blacksmith Fk. (U) .1715 .1476 1.16 23 
Mean Left Fk. Blacksmith Fk. .1S98 .1365 1.17 22 (.01S3) (.0183) (.OS) (2) 
Mean (SD) Non-LFBF Sites 0 0 0 
Mean (SD) Utah Streams .0400 .0341 1.17 6 
123 
Table 21. Summary of annual p~oduction (afd gm m-2 yr-1), mean annual 
standing crop (afd gm m-2), annual turnover ratio (P/SC) 
and density (# m-2), by site, for Rhithrogena 
(Ephemeroptera) for the Wyoming low alkalinity ~50 mg/1) 
sites and the Utah high alkalinity (>150 mg/1) sites, 1978-
1979. Numbers in parentheses are one standard deviation. 
Stream Site 
.Clearwater Creek 
Goff Creek 
Kitty Creek 
Gunbarrel Creek (L) 
Cunb~rrel Creek (M) 
Gunbarrel Creek (U) 
Mean Gunbarrel Creek 
Mean (SD) Non-Gunbarrel SitEs 
Mean (SD) Wyoming Streams 
Curtis Creek 
Logan River 
Temple Fork 
Left Fk. Blacksmith Fk. (L) 
Left Fk. Blacksmith Fk. (M) 
Left Fk. Blacksmith Fk. (U) 
Mean Left Fk. Blacksmith Fk. 
Mean (SD) Non-LFBF Sites 
Mean (SD) Utah Streams 
Production 
.2280 
1.3034 
1.7014 
.3955 
.3116 
.6332 
.4468 
(.1668) 
1. 0776 
(.7622 
.9199 
(.6977) 
1.8251 
1.2347 
2.0256 
.0264 
.0549 
.0348 
.0387 
(.0146) 
1.6951 
(.4112) 
1.2810 
(,8937) 
sc TR 
.0465 4.90 
.2228 5.85 
.2349 7.24 
.0571 6.93 
.0469 6.65 
.0929 6.82 
.0656 6.80 
(.0242) (.14) 
.1681 6.00 
(.1055) (1.18) 
.1425 6.20 
( .1002) (1.04) 
.2402 7.60 
.2604 4.74 
.2854 7.10 
.0054 4.99 
.0068 8.03 
.0043 8.06 
.0055 7.03 
( .0013) (1. 76) 
.2620 6.48 
(.0226)(1.53) 
.1979 6.62 
( .1296 )(1. 28) 
Density 
45 
188 
354 
112 
159 
187 
153 
(38) 
196 
(155) 
185 
(128) 
874 
222 
1142 
11 
16 
30 
19 
(10) 
746 
(4 73) 
564 
(530) 
124 
Table 22. Summary of annual production (afd gm m-2 yr-1), mean annual 
standing crop (afd gm m-2), annual turnover ratio (P/SC) 
and density (# m-2), by site, for Cinygmula (Ephemeroptera) 
for the Wyoming low alkalinity (<50 mg/1) sites and the 
Utah high alkalinity (>150 mg/1) sites, 1978-1979. Numbers 
in parentheses are one standard deviation. 
Stream Site 
Clearwater Creek 
Goff Creek 
Kitty Creek 
Gunbarrel Creek (L) 
Gunbarrel Creek (M) 
Gunbarrel Creek (U) 
Mean Gunbarrel Creek 
Mean (SD) Non-Gunbarrel Sites 
Mean (SD) Wyoming Streams 
Curtis Creek 
Logan River 
Temple Fork 
Left Fk. Blacksmith Fk. (L) 
Left Fk. Blacksmith Fk. (M) 
Left Fk. Blacksmith Fk. (U) 
Mean Left Fk. Blacksmith Fk. 
Mean (SD) Non-LFBF Sites 
Mean (SD) Utah Streams 
Production 
.0935 
.0924 
.3309 
.1689 
.1891 
.2296 
.1959 
(.0309) 
.1723 
(.1374) 
.1782 
(.1128) 
.7534 
1.1350 
.3780 
.0484 
.1958 
.1635 
.1359 
( .0775) 
.7555 
(.3785) 
,6006 
(.4376) 
SC TR 
.0112 8.38 
.0126 7.32 
.0440 7.53 
.0220 7.66 
.0255 7.42 
.0366 6.27 
.0280 7.12 
( .0076) (. 74) 
.0226-- 7. 74 
(.0185) (.56) 
.0240 7.59 
(.0154) (.55) 
.0981 7.68 
.1548 7.33 
.0504 7.50 
.0068 7.11 
.0267 7.32 
.0213 7.66 
.0183 7.36 
(.0103) (.28) 
.1011 7.50 
(.0523) (.18) 
.0804 7.4 7 
( .0595) ( .16) 
Density 
655 
267 
1385 
709 
627 
956 
764 
(171) 
769 
(568) 
768 
(463) 
2812 
2462 
1052 
104 
331 
514 
316 
(205) 
2109 
(932) 
1661 
(1176) 
125 
Table 23. Summary of annual production (afd ·gm m-2 yr-1), mean annual 
standing crop (afd gm m-2), annual turnover ratio (P/SC) 
and density (# m-2), by site, for Epeorus (Ephemeroptera) 
for the Wyoming low alkalinity 050 mg/1) sites and the 
Utah high alkalinity ~150 mg/1) sites, 1978-1979. Numbers 
in parentheses are one standard deviation. 
Stream Site 
Clearwater Creek 
Goff Creek 
Kitty Creek 
Gunbarrel Creek (L) 
Gunbarrel Creek (M). 
Gunbarrel Creek (U) 
Mean Gunbarrel Creek 
Mean (SD) Non-Gunbarrel Sites 
Mean (SD) Wyoming Streams 
Curtis Creek 
Logan River 
Temple Fork 
Left Fk. Blacksmith Fk. (L) 
Left Fk. Blacksmith Fk. (M) 
Left Fk. Blacksmith Fk. (U) 
Mean Left Fk. Blacksmith Fk. 
Mean (SD) Non~LFBF Sites 
Hean (SD) Utah Streams 
Production 
.0557 
.1801 
.2564 
.0995 
.1334 
.1642 
.1324 
(.0324) 
.1641 
( ,1013) 
.1562 
(.0842) 
.0686 
.0323 
.0784 
• OL~63 
.0470 
.0926 
.0620 
(.0265) 
,0598 
(. 0243) 
.0603 
(.0199) 
SC TR 
.0090 6.15 
.0359 5.02 
.0505 5.08 
.0137 7.28 
.0164 8.11 
.0249 6.59 
.0183 7.33 
(.0058) (.76) 
.0318 5.42 
(.0211) (.64) 
, 0284 5.90 
(.0185) (1.09) 
.0091 7.56 
.0056 5.76 
.0127 6.19 
.0054 8.63 
.0062 7.58 
.0108 8.60 
.0075 8.27 
(.0029) (,60) 
,0091 6.50 
(.0036) (,94) 
.0087 6.95 
(. 0030) (1.17) 
Density 
114 
212 
502 
588 
1042 
1148 
926 
(297) 
276 
(202) 
439 
(364) 
261 
23 
60 
350 
268 
795 
471 
(284) 
115 
(128) 
204 
(207) 
126 
Table 24. Summary of annual production (afd gm m-2 yr-1), mean annual 
standing crop (afd gm m-2), annual turnover ratio (P/SC) 
and density (# m-2), by site, for Ephemerella coloradensis 
(Ephemeroptera) for the ~.J'yoming low alkalinity (<50 mg/1) 
sites and the Utah high alkalinity (>150 mg/1) sites, 1978-
1979. Numbers in parentheses are one standard deviation. 
Stream Site 
Clearwater Creek 
Goff Creek 
Kitty Creek 
Gunbarrel Creek (L) 
Gunbarrel Creek (M) 
Gunbarrel Creek (U) 
Mean Gunbarrel Creek 
Mean (SD) Non-Gunbarrel Sites 
Mean (SD) Wyoming Streams 
Curtis Creek 
Logan River 
Temple Fork 
Left Fk. Blacksmith Fk. (L) 
Left Fk. Blacksmith Fk. (M) 
Left Fk. Blacksmith Fk. (U) 
Mean Left Fk. Blacksmith Fk. 
Mean (SD) Non-LFBF Sites 
Mean (SD) Utah Streams 
Production 
.0322 
.0801 
.1242 
.0748 
.0820 
.0803 
.0790 
(.0038) 
,0788 
(.0460) 
.0789 
(.0376) 
1.0145 
12.9604 
4.5852 
.0040 
0 
0 
,0013 
(. 0023) 
6.1867 
(6.1319) 
4,6404 
(5.8~48) 
SC TR 
.0078 4.13 
.0154 5.13 
.0225 5.52 
.0159 4.71 
.0150 5.46 
.0171 4.69 
.0160 4.95 
(.0011) (.44) 
.0152 4.93 
( . 00 7 4) ( . 72) 
.0154 4.93 
(.0060) (.59) 
.1391 7.30 
2.2650 5.72 
.7347 6.24 
.0004 9.61 
0 
0 
,0001 9,61 
(.0002) (.00) 
1.0463 6.42 
(1.0967) ( .81) 
.7848 7.22 
(1.0369) (1. 73) 
Density 
68 
123 
368 
88 
204 
152 
148 
(58) 
1-86 
(160) 
177 
(132) 
911 
3996 
1788 
1 
0 
0 
0 
(1) 
2232 
(1590) 
1674 
(1712) 
127 
Table 25. Summary of annual production (afd gm m .... 2 yr,...l), mean annual 
standing crop (afd gm m-2), annual turnover ratio (P/SC) 
and density (# m-2), by site, for Ephemerella doddsi 
(Ephemeroptera) for the Wyoming low alkalinity (<50 mg/1) 
sites and the Utah high alkalinity (>150 mg/1) sites, 1978-
1979. Numbers in parentheses are one standard deviation. 
Stream Site 
Clearwater Creek 
Goff Cr eek 
Kitty Creek 
Gunbarrel Creek (L) 
Gunbarrel Creek (M) 
Gunbarrel Creek (U) 
Mean Gunbarrel Creek 
Mean (SD) Non-Gunbarrel Sites 
Mean (SD) Wyoming Streams 
Curtis Creek 
Logan River 
Temple Fork 
Left Fk. Blacksmith Fk. (L) 
Left Fk. Blacksmith Fk. (M) 
Left Fk. Blacksmith Fk. (U) 
Mean Left Fk. Blacksmith Fk. 
Mean (SD) Non-LFBF Sites 
Mean (SD) Utah Streams 
Production 
.2788 
.9043 
1.1953 
.0496 
.0926 
.104 7 
.0823 
(.0290) 
.7928 
(.4683) 
. 6152 
(.5219) 
2.9503 
4.3673 
.5303 
.0049 
.0015 
0 
.0021 
(. 0025) 
2.6160 
(1,9402) 
1.9625 
(2.0537) 
SC TR 
.0442 6.30 
.1339 6.75 
. 1538 7. 77 
.0072 6. 90 
.0133 6.96 
.0137 7.66 
.0114 7.17 
( .0036) ( .42) 
.1106 6.94 
(.0584) (.75) 
.0858 7.00 
(.0688) (.63) 
.3371 8.75 
.5046 8.66 
.0592 8.96 
.0005 9.75 
.0001 9.75 
0 
.0002 9.75 
(.0003) (.00) 
.3003 8.79 
(.2250) (.15) 
,2253 9.03 
( .2372) (.50) 
Density 
18 
41 
219 
18 
17 
19 
18 
(1) 
93 
(110) 
74 
(97) 
209 
450 
71 
2 
0 
0 
1 
(1) 
243 
(192) 
183 
(198) 
128 
Table 26. Summary of annual product~on (afd gm m-2 yr-1), mean annual 
standing crop (afd gm m-2), annual turnover ratio (P/SC) 
and density (# m-2), by site, for Ephemerella grandis 
(Ephemeroptera) for the Wyoming low alkalinity (<SO mg/1) 
sites and the Utah high alkalinity (>150 mg/1) sites, 1978-
1979. Numbers in parentheses are one standard deviation. 
Stream Site Production sc TR Density 
Clearwater Creek 0 0 0 
Goff Creek 0 0 0 
Kitty Creek 0 0 0 
Gunbarrel Creek (L) 0 0 0 
Gunbarrel Creek (M) 0 0 0 
Gunbarrel Creek (U) 0 0 0 
Mean Gunbarrel Creek 0 0 0 
Mean (SD) Non-Gunbarrel Sites 0 0 0 
Mean (SD) Wyoming Streams 0 0 ~"'""'- 0 
Curtis Creek .4774 .0777 6.14 36 
Logan River 0 0 0 
Temple Fork .0621 .0097 6.41 9 
Left Fk. Blacksmith Fk. (L) 6.0658 1.0026 6.05 358 
.Left Fk. Blacksmith Fk. (M) 10.1450 1.7060 5.95 467 
Left Fk. Blacksmith Fk. (U) 9.7591 1.6171 6.03 540 
Mean Left Fk. Blacksmith Fk. 8.6566 1.4419 6.01 455 
(2.2520) (.3830) (.05) (92) 
Mean (SD) Non-LFBF Sites .1799 .0291 6.28 15 
(. 2596) (.0423) (.19) (19) 
Mean (SD) Utah Streams 2.2990 .3823 6.19 125 
(4.2437) (.7072) (.20) (221) 
129 
Table 27. Summary of annual production (afd gm m-2 yr-1), mean annual 
standing crop (afd gm m-2), annual turnover ratio (P/SC) 
and density (# m-2), by site, for Ephemerella inermis 
(Ephemeroptera) for the Wyoming low alkalinity (<50 mg/1) 
sites and the Utah high alkalinity (>150 mg/1) sites, 1978-
1979. Numbers in parentheses are one standard deviation. 
Stream Site 
Clearwater Creek 
Goff Creek 
Kitty Creek 
Gunbarrel Creek (L) 
Gunbarrel Creek (M) 
Gunbarrel Creek (U) 
Mean Gunbarrel Creek 
Mean (SD) Non-Gunbarrel Sites 
Mean (SD) Wyoming Streams 
Curtis Creek 
Logan River 
Temple Fcrk 
Left Fk. Blacksmith Fk. (L) 
Left Fk. Blacksmith Fk. (M) 
Left Fk. Blacksmith Fk. (U) 
Mean Left Fk. Blacksmith Fk. 
Mean (SD) Non-LFBF Sites 
Mean (SD) Utah Streams 
Production 
.0268 
.0472 
~0808 
.0142 
.0045 
.0210 
.0132 
( .0083) 
.0516 
(.0273) 
.0420 
(.0294) 
.4026 
.0101 
.1414 
.8749 
2.5286 
1. 2633 
1.5556 
( .864 7) 
.1847 
(.1998) 
.5274 
(. 7,046) 
sc TR 
.0052 5.19 
-.0080 5.91 
.0121 6.68 
.0034 4.17 
.0006 7.47 
.0037 5.71 
.0026 5.78 
(.0017) (1.65) 
.0084 5.93 
(.0035) (.75) 
.0070 5.89 
(.0041) (.61) 
.0549 7.33 
.0013 7.47 
.0213 6.63 
.1285 6.81 
.3606 7.01 
.1782 7.09 
.2224 6.97 
(.1222) (.14) 
.0258 7.14 
(.0271) (.45) 
.0750 7.10 
(.1007) (.38) 
Density 
14 
141 
234 
4 
1 
6 
4 
(3) 
130 
(110) 
98 
(110) 
1150 
14 
242 
3395 
5426 
2819 
3880 
(1370) 
469 
(601) 
1322 
(1775) 
J 
130 
Table 28. Summary of annual production (afd gm m-2 yr-1), mean annual 
standing crop (afd gm m-2), annual turnover ratio (P/SC) 
and density (# m-2), by site, for Baetidae (Ephemeroptera) 
for the Wyoming low alkalinity (<50 mg/1) sites and the 
Utah high alkalinity (>150 mg/1) sites, 1978-1979. 
Numbers in parentheses are one standard deviation. 
Stream Site 
Clearwater Creek 
Goff Creek 
Kitty Creek 
Gunbarrel Creek (L) 
Gunbarrel Creek (M) 
Gunbarrel Creek (U) 
Mean Gunbarrel Creek 
Mean (SD) Non-Gunbarrel Sites 
Mean (SD) Wyoming Streams 
Curtis Creek 
Logan River 
Temple Fork 
Left Fk. Blacksmith Fk. (L) 
Left Fi-:.. Blacksm:Lth Fk. (M) 
Left Fk. Blacksmith Fk. (U) 
Mean Left Fk. Blacksmith Fk. 
Mean (SD) Non-LFBF Sites 
Mean (SD) Utah Streams 
Production 
.3500 
.6896 
.5562 
.5220 
.5166 
.5282 
.5223 
(.0058) 
.5319 
( .1711) 
.5295 
(.1398) 
9.3102 
10.0864 
11.3544 
10.2192 
10.5242 
9.6124 
10.1186 
(.4641) 
10.2503 
(1.0319) 
10.2174 
(.81.51) 
SC TR 
.0355 9.86 
.0768 8~98 
.0525 10.60 
.0492 10.62 
.0485 10.66 
.0495 10.70 
.0491 10.66 
(.0005) (.04) 
.0549 9.81 
(.0208) (. 81) 
.0535 10.03 
(.0172) (.79) 
.8757 10.64 
.9664 10.44 
1. 0912 10.40 
1.0141 10.08 
1.1925 8.82 
.8616 11.16 
1.0227 10.02 
(.1656) (1.17) 
.9778 10.49 
(.1082) (.13) 
.9890 10.38 
( .0912) (. 26) 
Density 
518 
643 
1051 
783 
1056 
1027 
955 
(150) 
737 
(279) 
792 
(252) 
17104 
14775 
10560 
16515 
15564 
16795 
16291 
(645) 
14046 
(3480) 
14683 
(2913) 
131 
Table 29. Summary of annual production (afd gm m-2 yr-1), mean annual 
standing crop (afd gm m-2), annual turnover ratio (P/SC) 
and density (II m-2), by site, for Siphlonuridae 
(Ephemeroptera) for the Wyoming low alkalinity. (<50 mg/1) 
sites and the Utah high alkalinity (>150 mg/1) sites, 1978-
1979. Numbers in parentheses are one standard deviation. 
Stream Site 
Clearwater Creek 
Goff Creek 
Kitty Creek 
Gunbarrel Creek (L) 
Gunbarrel Creek (M) 
Gunbarrel Creek (U) 
Mean Gunbarrel Creek 
Mean (SD) Non-Gunbarrel Sites 
Mean (SD) Wyoming Streams 
Curtis Creek 
Logan River 
Temple Fork 
Left Fk. Blaeksmith Fk. (L) · 
Left Fk. Blaeksmith Fk. (M) 
Left Fk. Blaeksmith Fk. (U) 
Mean Left Fk .. Blacksmith Fk. 
Mean (SD) Non-LFBF Sites 
Mean (SD) Utah Streams 
Production 
.0075 
.0032 
.0416 
.0115 
.0574 
.0214 
.0301 
(.0242) 
.0174 
(.0210) 
.0206 
( .0183) 
0 
.0290 
0 
0 
0 
0 
0 
0 
.0073 
sc 
.0016 
.0004 
.0072 
.0033 
.0096 
.0029 
.0053 . 
(.0038) 
.0031 
(. 0036) 
TR 
4.56 
7~31 
5.74 
3.50 
5.98 
7.27 
5.58 
(1. 92) 
5.87 
(1. 38) 
.0036 5.80 
(.0032) . (1.14) 
0 
.0040 7.28 
0 
0 
0 
0 
0 
0 
.0010 
Density 
2 
1 
6 
4 
10 
11 
8 
(4) 
3 
(3) 
4 
(3) 
0 
4 
0 
0 
0 
0 
0 
1 
(1) 
1 
(1) 
132 
Table 30. Summary of annual production (afd gm m-2 yr-1), mean annual 
standing crop (afd gm m-2), annual turnover ratio (P/SC) 
and density (# m-2), by site, for Paraleptophlebia 
(Ephemeroptera) for the Wyoming low alkalinity (<50 mg/1) 
sites and the Utah high alkalinity (>150 mg/1) sites, 1978-
1979. Numbers in parentheses are one standard deviation. 
Stream Site 
Clearwater Creek 
Goff Creek 
Kitty Creek 
Gunbarrel Creek (L) 
Gunbarrel Creek (M) 
r.unb~rrel Creek (U) 
Mean Gunbarrel Creek 
Mean (SD) Non-Gunbarrel Sites 
Mean (SD) Wyomin):; Streams 
Curtis Creek 
Logan River 
Temple Fork 
Left Fk. Blacksmith Fk. (L) 
Left Fk. Blacksmith Fk. (M) 
Left Fk. Blacksmith Fk. (U) 
Mean Left Fk. Blacksmith Fk. 
Mean (SD) Non-LFBF Sites 
Mean (SD) Utah Streams 
Production 
.0001 
0 
.0001 
0 
0 
0 
0 
.0001 
.0001 
(.0000) 
.0825 
0 
.0156 
.2143 
,2745 
,4022 
,2970 
(.0959) 
.0327 
(.0438) 
.0988 
(.1369) 
sc TR 
0 5.45 
0 
0 12.38 
0 
0 
0 
0 
0 
0 
.0124 6.68 
0 
.0024 
.0385 
,0514 
.0702 
.0534 
( ,0159) 
.0049 
( .0066) 
.0171 
(.0248) 
6.56 
5.56 
5.34 
5.73 
5.54 
(,20) 
6.62 
( .08) 
6.26 
( .63) 
Density 
1 
0 
1 
0 
0 
0 
0 
1 
1 
(0) 
656 
0 
107 
960 
890 
1706 
1185 
(452) 
254 
(352) 
487 
(547) 
133 
Table 31 . Summary of annual production (afd gm m-2 yr-1), mean annual 
standing crop (afd gm m-2), annual turnover ratio (P/SC) 
and density (# m-2), by site, for Hydropsychidae 
(Trichoptera) for the Wyoming low alkalinity (<50 mg/1) 
sites and the Utah high alkalinity (>150 mg/1) sites, 1978-
1979. Numbers in parentheses are one standard deviation. 
Stream Site 
Clearwater Creek 
Goff Creek 
Kitty Creek 
Gunbarrel Creek (L) 
Gunbarrel Creek (M) 
Gunbarrel Creek (U) 
Mean Gunbarrel Creek 
Mean (SD) Non-Gunbarrel Sites 
Mean (SD) Wyoming Streams 
Curtis Creek 
Logan River 
Temple Fork 
Left Fk. Blacksmith Fk. (L) 
Left Fk. Blacksmith Fk. (M) 
Left Fk. Blacksmith Fk. (U) 
Mean Left Fk. Blacksmith Fk. 
Mean (SD) Non-LFBF Sites 
Mean (SD) Utah Streams 
Production 
.3824 
.5187 
1.0243 
.8699 
.2195 
.4084 
.4993 
(.3346) 
• 6418~ ­
(.3382) 
.6062 
(.2852) 
2.8398 
2.8224 
.6310 
12.6484 
5.3554 
2.0811 
6.6950 
(5.4095) 
2.0977 
(1.2703) 
3,2471 
(2.~218) 
sc 
.0474 
.0652 
.1317 
.1078 
.0258 
.0512 
.0616 
(.0420) 
.0814 
(.0444) 
.0765 
( .0376) 
.3079 
.3180 
.0699 
1.3978 
0.5958 
.2286 
.7407 
(.5979) 
.2319 
(.1404) 
.3591 
(.2790) 
TR 
8.07 
7~96 
7.78 
8.07 
8.51 
7.98 
8.19 
(. 28) 
7.94 
(.15) 
8.00 
( .17) 
9.22 
8.87 
9.03 
9.05 
8.99 
9.10 
9.05 
(.06) 
9,04 
(.18) 
9,04 
( .14) 
Density 
13 
36 
40 
39 
18 
17 
25 
(12) 
30 
(15) 
29 
(12) 
213 
88 
26 
716 
431 
220 
456 
(249) 
109 
(95) 
196 
(190) 
134 
Table 32 . Summary of annual pro-duction (afd ~ m-2 yr-1), mean annual 
standing crop (afd gm m-2), annual turnover ratio (P/SC) 
and density (# m-2), by site, for Rhyacophilidae 
(Trichoptera) for the tvyoming low alkalinity (<50 mg/1) 
sites and the Utah high alkalinity (>150 mg/1) sites, 1978-
1979. Numbers in parentheses are one standard deviation. 
Stream Site 
Clearwater Creek 
Goff Creek 
Kitty Creek 
Gunbarrel Creek (L) 
Gunbarrel Creek (M) 
Gunbarrel Creek (U) 
Mean Gunbarrel Creek 
Mean (SD) Non-Gunbarrel Sites 
Mean (SD) Wyoming Streams 
Curtis Creek 
Logan River 
Temple Fork 
Left Fk. Blacksmith Fk. (L) 
Left Fk. Blacksmith Fk. (M) 
Left Fk. Blacksmith Fk. (U) 
Mean Left Fk, Blacksmith Fk. 
Mean (SD) Non-LFBF Sites 
Mean (SD) Utah Streams 
Production 
.0096 
.1194 
.2618 
.1070 
.0756 
.0547 
.0791 
(.0263) 
.1303 
(.1265) 
.1175 
( .1064) 
.9598 
2.0419 
2.3238 
.2089 
.0358 
,0220 
.0889 
(.1042) 
1. 7752 
(. 7201) 
1.3536 
(1.0279) 
sc 
.0025 
.0286 
.0530 
.0227 
.0138 
.0141 
.0169 
(. 0051) 
.0280 
(.0253) 
.0253 
(,0214) 
.1702 
.5248 
.4378 
.0326 
.0060 
.0028 
.0138 
(,0164) 
.3776 
(.1848) 
TR 
3.82 
4.17 
4.94 
4. 72 
5.47 
3.87 
4.69 
(.80) 
4.31 
(.57) 
4,41 
(.50) 
5,64 
3.89 
5.31 
6.41 
5.95 
7. 77 
6.71 
(.95) 
4.95 
(. 93) 
.2867 5.39 
(.2363) (1.16) 
Density 
9 
54 
266 
149 
111 
19 
93 
(67) 
110 
(137) 
106 
(112) 
299 
185 
466 
28 
2 
32 
21 
(16) 
317 
(141) 
243 
(188) 
135 
Table 33. Summary of annual production (afd gm m-2 yr-1), mean annual 
standing crop (afd gm m'""2), annual turnover ratio (P/SC) 
and density (# m-2), by site, for Glossosomatidae 
(Trichoptera) for the Wyoming low alkalinity (<50 mg/1) 
sites and the Utah high alkalinity (>150 mg/1) sites, 1978-
1979. Numbers in parentheses are one standard deviation. 
Stream Site Production sc TR Density 
Clearwater Creek 0 0 0 
Goff Creek 0 0 0 
Kitty Creek .0008 .0001 7.85 3 
Gunbarrel Creek (L) 0 0 0 
Gunbarrel Creek (M) 0 0 0 
Gunbarrel Creek (U) 0 0 0 
Mean Gunbarrel Creek 0 0 0 
Mean (SO) Non-Gunbarrel Sites .0003 0 1 
Mean (SO) Wyoming Streams .0002 0 1 
Curtis Creek .1816 .0239 7.60 375 
Logan River .4308 .0684 6.30 358 
Temple Fork .3182 .0432 7.37 291 
Left Fk. Blacksmith Fk. (L) .0067 .0007 9.46 47 
Left Fk. Blacksmith Fk. (M) .0801 .0106 7.52 85 
Left Fk. Blacksmith Fk. (U) .0424 .0056 7.52 65 
Mean Left Fk. Blacksmith Fk. .0431 .0056 8.17 66 
(.0367) (.0050) (1.12) (19) 
Mean (SD) Non-LFBF Sites .3102 .0452 7.09 341 
(.1248) (.0223) (.69) (44) 
Mean (SD) Utah Streams .2434 .0353 7.36 273 
(.1680) (.0269) (.78) (142) 
• 
136 
Table 34. Summary of annual production (afd gm m-2 yr-1), mean annual 
standing crop (afd gm m-2), annual turnover ratio (P/SC) 
and density (# m-2), by site, for Brachycentridae 
(Trichoptera) for the Wyoming low alkalinity (<50 mg/1) 
sites and the Utah high alkalinity (>150 mg/1) sites, 1978-
1979. Numbers in parentheses are one standard deviation. 
Stream Site 
Clearwater Creek 
Goff Creek 
Kitty Creek 
Gunbarrel Creek (L)' 
Gunbarrel Creek (M) 
Gunbarrel Creek (U) 
Mean Gunbarrel Creek 
Mean (SD) Non-Gunbarrel Sites 
Mean (SD) Wyoming Streams 
Curtis Creek 
Logan River 
Temple Fork 
Left Fk. Blacksmith Fk. (L) . 
Left Fk. Blacksmith Fk. (M) 
Left Fk. Blacksmith Fk. (U) 
Mean Left Fk. Blacksmith Fk. 
Mean (SD) Non-LFBF Sites 
Mean (SD) Utah Streams 
Production 
.0020 
.0000 
.0188 
.0010 
.0013 
.0000 
.0008 
( .0007) 
.0069 
(.0103) 
.0054 
( .0090) 
.0526 
.0012 
.2587 
.2729 
.1965 
.2344 
.2346 
(.0382) 
.1042 
( .1363) 
.1368 
(, 1290) 
sc 
.0003 
.0 
.0027 
.0001 
.0002 
.0000 
.0001 
(.0001) 
.0010 
(. 0015) 
.0008 
(.0013) 
.0075 
.0002 
.0476 
.0392 
.0279 
.0365 
.0345 
(.0059) 
,0184 
(.0255) 
.0225 
( .0223) 
TR 
7.04 
7.04 
7.07 
7.04 
0 
7.06 
(.02) 
7.04 
( .00) 
7.05 
(.01) 
7.04 
7.04 
5.43 
6.97 
7.04 
6.43 
6.81 
(. 33) 
6.50 
(.93) 
6.58 
(.77) 
Density 
0 
0 
9 
0 
0 
0 
0 
(O) 
3 
(5) 
2.25 
(5) 
29 
1 
76 
376 
257 
167 
267 
(105) 
35 
(38) 
93 
(120) 
137 
Table 35· Sunnnary of annual production (afd gm m-2 yr-1), mean annual 
standing crop (afd gm m~2), annual turnover ratio (P/SC) 
and density (# m-2), by site, for Limnephilidae 
(Trichoptera) for the Wyoming low alkalinity (<50 mg/1) 
sites and the Utah high alkalinity (>150 mg/1) sites, 1978-
1979. Numbers in parentheses are one standard deviation. 
Stream Site 
Clearwater Creek 
Goff Creek 
Kitty Creek 
Gunbarrel Creek (L) 
Gunbarrel Creek (M) 
Gunbarrel Creek (U) 
Mean Gunbarrel Creek 
Mean (SD) Non-Gunbarrel Sites 
Mean (SD) Wyoming Streams 
Curtis Creek 
Logan River 
Temple Fork 
Left Fk. Blacksmith Fk. (L) 
Left Fk. Blacksmith Fk. (M) 
Left Fk. Blacksmith Fk. (U) 
Mean Left Fk. Blacksmith Fk. 
Mean (SD) Non-LFBF Sites 
Hean (SD) Utah Streams 
Production 
.0007 
.0082 
.1684 
.0011 
.0016 
.0086 
.0038 
(.0042) 
.0591 
(.0947) 
.0453 
(.0821) 
.6010 
.0638 
.2927 
.7092 
3.1664 
1.7029 
1.8595 
(1.2361) 
.3192 
(.2696) 
.7042 
(.8010) 
sc 
.0001 
.0015 
.0279 
.0002 
.0002 
.0014 
.0006 
( .0007) 
.0098 
(.0157) 
.0075 
(.0136) 
.0934 
.0156 
.0480 
.1151 
.5244 
.2919 
.3104 
(. 2053) 
TR 
8.07 
5.32 
6.03 
6.53 
6.56 
6.38 
6.49 
(,10) 
6.47 
(1.43) 
6.48 
(1.17) 
6.43 
4.10 
6.10 
6.16 
6,04 
5.83 
6.01 
( .17) 
.0523 5,54 
(.0391) (1.26) 
.1169 5.66 
(.1329) (1.06) 
Density 
5 
10 
359 
5 
6 
34 
15 
(16) 
125 
(203) 
97 
(175) 
1695 
113 
437 
1514 
4234 
3019 
2922 
(1363) 
748 
(836) 
1292 
(1283) 
j 
138 
· Table 36. Summary of annual production (afd gm m-2 yr""l), mean annual 
standing crop (afd gm m-2), annual turnover ratio (P/SC) 
and density (# m-2), by site, for Tipulidae (~mall) 
(Diptera) for the \.Vyoming low alkalinity (<50 mg/1) sites 
and the Utah high alkalinity (>150 mg/1) sites, 1978-1979. 
Numbers in parentheses are one standard deviation. 
Stream Site 
Clearwater Cree~ 
Goff Creek 
Kitty Creek 
Gunbarrel Creek (L) 
Gunbarrel Creek (M) 
Gunbarrel Creek (U) 
Mean Gunbarrel Creek 
Mean (SD) Non-Gunbarrel Sites 
Mean (SD) Wyoming Streams 
Curtis Creek 
Logan River 
Temple Fork 
Left Fk. Blacksmith Fk. (L) 
Left Fk. Blacksmith Fk. (M) 
Left Fk. Blacksmith Fk. (U) 
Mean Left Fk. Blacksmith Fk. 
Mean (SD) Non-LFBF Sites 
Mean (SD) Utah Streams 
Production 
.0046 
-.0116 
.0170 
.0067 
.0124 
.0079 
.0090 
( .0030) 
.0111 
(.0062) 
.0106 
(.0052) 
.1564 
.1613· 
.5610 
.3368 
.3666 
.3211 
.3415 
(.0231) 
.2929 
(.2322) 
.3051 
(.1911) 
sc 
.0017 
.0041 
.0039 
.0016 
.0042 
.0030 
.0029 
(.0013) 
.0032 
(. 0013) 
.0032 
(.0011) 
.0311 
.0347 
.1115 
.0668 
.0724 
.0651 
.0681 
(.0038) 
.0591 
(.0454) 
• a·614 
(.0374) 
TR 
2. 77 
2~80 
4.37 
4.08 
2.98 
2.63 
3.23 
(.76) 
3.31 
(. 92) 
3.29 
(.75) 
5.03 
4.65 
5.03 
5.04 
5.06 
4.94 
5.01 
( .06) 
4.90 
(. 22) 
4.93 
( .19) 
Density 
9 
28 
55 
20 
34 
16 
23 
(9) 
31 
(23) 
29 
(19) 
208 
108 
801 
437 
437 
399 
424 
(22) 
372 
(375) 
385 
(307) 
139 
Table 37. Summary of annual production (afd gm m-2 yr.,...l) , mean annual 
standing crop (afd gm m-2), annual turnov~r ratio (P/SC) 
and density (# m-2), by site, for Tipulidae (Large) 
(Diptera) for the Wyoming low alkalinity (<50 mg/1) sites 
and the Utah high alkalinity (>150 mg/1) sites, 1978-1979. 
Numbers in parentheses are one standard deviation. 
Stream Site 
Clearwater Creek 
Goff Creek 
Kitty Creek 
Gunbarrel Creek (L) 
Gunbarrel Creek (M) 
Gunbarrel Creek (U) 
Mean Gunbarrel Creek 
Mean (SD) Non-Gunbarrel Sites 
Mean (SD) Wyoming Streams 
Curtis C .. :eek 
Logan River 
Temple Fork 
Left Fk. Blacksmith Fk. (L) 
Left Fk. Blacksmith Fk. (M) 
Left Fk. Blacksmith Fk. (U) 
Mean Left Fk. Blacksmith Fk. 
Mean (SD) Non-LFBF Sites 
Mean (SD) Utah Streams 
Production 
.0143 
.0117 
.0071 
.0046 
.0079 
.0021 
.0049 
( .0029) 
.0110 
(. 0036) 
.0095 
( .0043) 
.6120 
.6501 
.2647 
1.4709 
3.4028 
1.2509 
2.0415 
(1.1841) 
.5089 
(.2124) 
.8921 
(. 7.857) 
sc 
.0063 
.0053 
.0030 
.0022 
.0043 
.0010 
.0025 
( .0017) 
.0049 
(. 0017) 
.0043 
( ._0019) 
.4385 
.1935 
.0716 
.4595 
1.1144 
.3981 
.6573 
(.3971) 
TR 
2.26 
2~22 
2.35 
2.13 
1.84 
2.16 
2.04 
( .17) 
2.28 
( .07) 
2.22 
( .13) 
1.40 
3.36 
3.69 
3.20 
3.05 
3.14 
3.13 
(.08) 
.2345 2.82 
(.186Q) (1.24) 
.3403 2.90 
(.2607) (1.02) 
Density 
3 
2 
2 
1 
2 
1 
1 
(O) 
2 
(1) 
2 
(1) 
3 
4 
4 
6 
12 
5 
8 
(4) 
4 
(1) 
5 
(2) 
140 
Table 38· Summary of annual production (afd gm m-2 yr-1), mean annual 
standing crop Cafd gm m'""2)t annual turnover ratio (P/SC) 
and density (# m-2), by site, for Athericidae (Diptera) 
for the Wyoming low alkalinity (<50 mg/1) sites and the 
Utah high alkalinity (>150 mg/1) sites, 1978-1979. Numbers 
in parentheses are one standard deviation. 
Stream Site Production sc TR Density 
Clearwater Creek 0 0 0 
Goff Creek 0 0 0 
• Kitty Creek 0 0 0 
Gunbarrel Creek · (L) 0 0 0 
Gunbarrel Creek (M) 0 0 0 
Gunbarrel Creek (U) 0 0 0 
Mean Gunbarrel Creek 0 0 0 
Mean (SD) Non-Gunbarrel Sites 0 0 0 
Mean (SD) Wyoming Streams 0 0 0 
Curtis Creek .0474 .0043 3 
Logan River .0082 .0004 2 
Temple Fork 
i 
0 0 0 
Left Fk. Blacksmith Fk. (L) .4364 .2350 1.86 15 
.Left Fk. Blacksmith Fk. (M) . 7707 .3453 2.23 23 
Left Fk. Blacksmith Fk. (U) 1. 9715 .8625 2.29 69 
Mean Left . Fk. Blacksmith Fk. 1.0595 .4810 2.13 36 
( .8072) (.3350) (. 23) (29) 
Mean (SD) Non-LFBF Sites .0185 .0016 2 
(.0253) (.0024) (2) 
Mean (SD) Utah Streams .2788 .1214 10 
(. ~209) (. 2397) (17) 
141 
Table 39. Surnmary .of annual production (a;fd gm m-2 yr""l), mean annual 
standing crop (afd gm m-2), annual turnover ratio (P/SC) 
and density (# m-2), by site, for Psychodidae (Diptera) 
for the Wyoming low alkalinity (<50 mg/1) sites and the 
Utah high alkalinity (>150 mg/1) sites, 1978-1979. Numbers 
in parentheses are one standard deviation. 
Stream Site 
Clearwater Creek 
Goff Creek 
Kitty Creek 
Gunbarrel Creek (L) 
Gunbarrel Creek (M) 
Gunbarrel Creek (U) 
Mean Gunbarrel Creek 
Mean (SD) Non-Gunbarrel Sites 
Mean (SD) Wyoming Streams 
Curtis Creek 
Logan River 
Temple Fork 
Left Fk. Blacksmith Fk. (L) 
.Left Fk. Blacksmith Fk. (M) 
Left Fk. Blacksmith Fk. (U) 
Mean Left Fk. Blacksmith Fk. 
Mean (SD) Non-LFBF Sites 
Mean (SD) Utah Streams 
Production 
.OOOJ 
.0008 
.0019 
.0001 
.0016 
.0008 
.0008 
(.0008) 
.0010 
(.0008) 
.0010 
( .0007) 
.1474 
.1630 
.2918 
.4023 
.8614 
.6148 
.6262 
(.2298) 
.2007 
(.0793) 
.3071 
(.2224) 
SC TR 
.0000 5.97 
.0001 5.97 
.0003 5.97 
.0000 
.0003 
.0001 
.0001 
(.0002) 
.0001 
(. 0002) 
.0001 
(.0001) 
.0244 
.0291 
.0488 
.0714 
.1565 
.1034 
.1104 
(.0430) 
.0341 
(.0129) 
.0532 
( .0396) 
5.97 
5. 77 
5.87 
(~14) 
5.97 
(.00) 
5.95 
( .05) 
6.04 
5.60 
5.98 
5.63 
5.50 
5.95 
5.69 
(.23) 
5.87 
(.24) 
5.83 
( .22) 
Density 
0 
1 
4 
1 
3 
0 
1 
(2) 
2 
(2) 
2 
(2) 
276 
214 
357 
517 
436 
775 
576 
(177) 
282 
(72) 
356 
(158) 
142 
Table 40. Summary of annual production (afd gm m""'2 yr71), mean annual 
standing crop (afd gm m~2), annual turnover ratio (P/SC) 
and density (# m~2 ), by site, for Simuliidae (Diptera) 
for the Wyoming low alkalinity (<50 mg/1) sites and the 
Utah high alkalinity (>150 mg/1) sites, 1978-1979. 
Numbers in parentheses are one standard deviation. 
Stream Site 
Clearwater Cre:ek 
Goff Creek 
Kitty Creek 
Gunbarrel Creek (L) 
Gunbarrel Creek (M) 
Gunbarrel Creek (U) 
Mean Gunbarrel Creek 
Mean (SO) Non-Gunbarrel Sites 
Mean (SO) Wyoming Streams 
Curtis Creek 
Logan River 
Temple Fork 
Left Fk. Blacksmith Fk. (L) 
.Left Fk. Blacksmith Fk. (M) 
Left Fk. Blacksmith Fk. (U) 
Mean Left Fk. Blacksmith Fk. 
Mean (SD) Non-LFBF Sites 
Mean (SD) Utah Streams 
Production 
.0266 
.0246 
.0876 
.0092 
.0032 
.0068 
.0064 
(.0030) 
.0463 
(.0358) 
.0363 
(.0354) 
.8420 
.0984 
.6592 
3.0298 
4.8788 
1.2732 
3.0606 
(1.8030) 
.5332 
(.3875) 
1.1651 
(1. 3.027) 
sc 
.0018 
.0022 
.0060 
.0008 
.0002 
.0005 
.0005 
(.0003) 
.0033 
(.0023) 
.0026 
(.0024) 
.0749 
.0092 
.0654 
.2594 
.5500 
.1044 
.3046 
(.2262) 
.0498 
(.0355) 
.1135 
( .1306) 
TR 
14.78 
11.18 
14.60 
11.50 
16.00 
13.60 
13.70 
(2.25) 
13.50 
(2.03) 
13.57 
(1. 66) 
11.24 
10.70 
10.08 
11.68 
8.87 
12.20 
10.92 
(1. 79) 
10.67 
(.58) 
10.74 
( .49) 
Density 
80 
36 
286 
12 
14 
13 
13 
(1) 
134 
(133) 
104 
(125) 
1239 
147 
460 
4435 
4320 
2430 
3728 
(1126) 
615 
(562) 
1394 
(1623) 
143 
Table 41. Summary of annual production (afd gm m-2 yr~l), mean annual 
standing crop (afd gm m-2), annual turnover ratio (P/SC), 
and density (# m-2), by site, for Empididae (Diptera) 
for the Wyoming low alkalinity ( ~ 50 mg/1) sites and the 
Utah high alkalinity (>150 mg/1) sites, 1978-1979. Numbers 
in parentheses are one standard deviation. 
Stream Site 
Clearwater Creek 
Goff Creek 
Kitty Creek 
Gunbarrel Creek (L) 
Gunbarrel Creek (M) 
Gunbarrel Creek (U) 
Mean Gunbarrel Creek 
Mean (SD) Non-Gunbarrel Sites 
Mean (SD) Wyoming Streams 
Curtis Creek 
Logan River 
Temple Fork 
Left Fk. Blacksmith Fk. (L) 
.Left Fk. Blacksmith Fk. (M) 
Left Fk. Blacksmith Fk. (U) 
Mean Left Fk. Blacksmith Fk. 
Mean (SD) Non-LFBF Sites 
Hean (SD) Utah Streams 
Production 
.0279 
.0106 
.0055 
.0158 
.0151 
.0154 
.0154 
(.0004) 
.0147 
(.0117) 
.0149 
(.0096) 
.0133 
.0390 
.0193 
.1000 
.0816 
.0845 
.0887 
(.0099) 
,0239 
(.0134) 
.0401 
(.0342) 
sc 
.0076 
.0035 
.0014 
.0052 
.0054 
.0058 
.0055 
(.0003) 
. 0042 
(.0032) 
.0045 
(.0027) 
.0040 
.0153 
.0060 
.0316 
.0280 
.0243 
.0280 
(.0037) 
.0084 
(.0060) 
.0133 
(.0110) 
TR 
3.65 
3.01 
3.82 
3.05 
2.80 
2.66 
2.84 
(.20) 
3.49 . 
( .43) 
3.33 
( .48) 
3.32 
2.55 
3.22 
3.16 
2.92 
3.48 
3.19 
(.28) 
3.03 
(. 42) 
3.07 
(. 35) 
Density 
128 
38 
26 
63 
59 
70 
64 
(6) 
64 
(56) 
64 
(46) 
64 
141 
67 
421 
376 
408 
402 
(23) 
91 
(44) 
169 
(160) 
144 
Table 42. · Summary of annual production (afd gm m-2 yr-1), mean annual 
standing crop (afd gm m-2), annual turnover ratio (P/SC) 
and density (# m-2), by site, for Chironomidae (Diptera) 
for the Wyoming low alkalinity (<50 mg/1) sites and the 
Utah high alkalinity (>150 mg/1) sites, 1978-1979. 
Numbers in parentheses are one standard deviation. 
Stream Site 
Clearwater Creek 
Goff Creek 
Kitty Creek 
Gunbarrel Creek (L) 
Gunbarrel Creek (M) 
Gunbarrel Creek (U) 
Mean Gunbarrel Creek 
Mean (SD) Non-Gunbarrel Sites 
Mean (SD) Wyoming Streams 
Curtis Creek 
Logan River 
Temple Fork 
Left Fk. Blacksmith Fk. (L) 
.Left Fk. Blacksmith Fk. (M) 
Left Fk. Blacksmith Fk. (U) 
Mean Left Fk. Blacksmith Fk. 
Mean (SD) Non-LFBF Sites 
Mean (SD) Utah Streams 
Production 
.2598 
.2896 
.1416 
.3644 
.3582 
.4012 
.3746 
(.0232) 
.2303 
( .0783) 
.2664 
(.0964) 
.4944 
1.0868 
.4286 
3.5446 
3.2646 
2.9986 
3.2693 
(.2730) 
.6699 
(.3625) 
1.3198 
(1.3330) 
sc 
.0203 
.Q277 
.0105 
.0340 
.0282 
.0351 
.0324 
( .0037) 
.0195 
(.0086) 
.0227 
(.0096) 
.0393 
.0966 
.0357 
.3100 
.2917 
.2561 
.2859 
(.0274) 
.0572 
(.0342) 
.1144 
( .1177) 
TR 
12.80 
10.45 
13.49 
10.72 
12.70 
11.43 
11.62 
(1.00) 
12.25 
(1.59) 
12.09 
(1. 34) 
12.58 
11.25 
12.01 
11.43 
11.19 
11.71 
11.44 
(.26) 
11.95 
(. 67) 
11.82 
(.60) 
Density 
1340 
845 
756 
1361 
1865 
1860 
1695 
(290) 
980 
(315) 
1159 
(440) 
2334 
4101 
1906 
13644 
11338 
12369 
12450 
(1155) 
2784 
(1162) 
5200 
(4925) 
145 
Table 43. Sunnnary of annual production (afd gm m-2 yr,..l), mean annual 
standing c~op (afd gm m~2). annual turnover ratio (P/SC), 
and density (# m-2), by site, for Elmidae (Coleoptera) 
for the Wyoming low alkalinity (<50 mg/1) sites and the 
Utah high alkalinity (>150 mg/1) sites, 1978~1979. 
Numbers in parentheses are one standard deviation. 
Stream Site 
Clearwater Creek 
Goff Creek 
Kitty Creek 
Gunbarrel Creek (L) 
Gunbarrel Creek (M) 
Gunbarrel Creek (U) 
Mean Gunbarrel Creek 
Mean (SD) Non-Gunbarrel Sites 
Mean (SD) Wyoming Streams 
Curtis Creek 
Logan River 
Temple Fork 
Left Fk. Blacksmith Fk. (L) 
Left Fk. Blacksmith Fk. (M) 
Left Fk. Blacksmith Fk. (U) 
Mean Left Fk. Blacksmith Fk. 
Mean (SD) Non-LFBF Sites 
Mean (SD) Utah Streams 
Production 
.0005 
.0012 
.0003 
.0024 
0 
.0005 
.0010 
(.0013) 
.0007 
(. 0005) 
.0008 
(.0004) 
.5613 
.2301 
.5232 
.0508 
.1113 
.0677 
.0766 
(.0312) 
.4382 
(.1812) 
.3478 
(.2336) 
SC TR 
.0001 5.79 
.0002 5.23 
.0001 5.23 
.0005 5.23 
0 
.0001 
.0002 
(.0003) 
.0001 
( .0001) 
.0002 
(.0001) 
.1057 
.0423 
.0970 
.0108 
.0227 
.0130 
.0155 
( .0063) 
.0817 
(.0344) 
.0651 
(.0434) 
5.08 
5.16 
(.11) 
5.42 
(.32) 
5.35 
(.29) 
5.31 
5.44 
5.39 
4.69 
4.91 
5.19 
4.93 
( .25) 
5.38 
( .07) 
5.27 
( .23) 
Density 
1 
3 
1 
2 
0 
1 
1 
(1) 
2 
(1) 
2 
(1) 
1009 
529 
1014 
83 
128 
147 
119 
(33) 
851 
(279) 
668 
(431) 
146 
Table 44 . Summary of annual production (afd gm m-2 yr-1), mean annual 
standing crop (afd gm m-2), annual turnover ratio (P /S-C) 
and density (# m-2), by site, for Hydracarina for the 
Wyoming low alkalinity (<50 mg/1) sites and the Utah high 
alkalinity (>150 mg/1) sites, 1978-1979. Numbers in 
parentheses are one standard deviation. 
Stream Site 
Clearwater Creek 
Goff Creek 
Kitty Creek 
Gunbarrel Creek (L) 
Gunbarrel Creek (M) 
Gunbarrel Creek (U) 
Mean Gunbarrel Creek 
Mean (SD) Non-Gunbarrel Sites 
Mean (SD) Wyoming Streams 
Curtis Creek 
Logan River 
Temple Fork 
Left Fk. Blacksmith Fk. (L) 
.Left Fk. Blacksmith Fk. (M) 
Left Fk. Blacksmith Fk. (U) 
Mean Left Fk. Blacksmith Fk. 
Mean (SD) Non-LFBF Sites 
Mean (SD) Utah Streams 
Production 
.0214 
.0158 
.0260 
.Ot'>73 
.0186 
.0158 
.0139 
( .0059") 
.0211 
(.0051) 
.0193 
( .0055) 
.1287 
.0651 
.0811 
.5320 
.3880 
.4883 
.4694 
(.0738) 
.0916 
(.0331) 
.1861 
( .L908) 
sc 
.0056 
.0028 
.0041 
.0016 
.0044 
.0034 
.0031 
(.0014) 
TR 
3.82 
5~62 
6.34 
4.51 
4.21 
4.65 
4.46 
( .22) 
.0042 5.26 
(.0014) (1.30) 
.0039 5.06 
(. 0013) (1.13) 
.0250 
.0115 
.0149 
.1411 
.1093 
.1159 
.1221 
(.0168) 
.0171 
(.0070) 
.0434 
(.0528) 
5.16 
5.68 
5.43 
3. 77 
3.55 
4.21 
3.84 
(.34) 
5.42 
( .26) 
5.03 
( .82) 
Density 
205 
214 
380 
79 
183 
169 
144 
(56) 
266 
(99) 
236 
(101) 
1566 
940 
1071 
4488 
2955 
4531 
3991 
(898) 
1192 
(330) 
1892 
(1425) 
Appendix II 
Coefficients of Variation for Production Values 
Between Replicate Sites and Remaining 
Streams for Each Region 
147 
148 
Aquatic invertebrate samples were collected and analyzed at six 
sites on four streams from each region. Three of the streams in each 
region had a single study site while the fourth stream from each region 
had three s:Lmilar study sites. Since only a single production value 
was calculated for each site, the replicate sites on one stream were 
analyzed to determine if between site differences for one stream were 
greater or less than differences between the remaining streams. 
As seen in Table 45, most taxa in each region showed less variation 
between replicate sites on one stream than between the remaining three 
streams. For 17 of the 23 taxa in which coefficients of variation were 
calculated in the low alkalinity region, variation was lower between 
the replicate sites on Gunbarrel Creek. In the high alkalinity region, 
the coeffici,~nts of variation were lower between Left Fork Blacksmith 
Fork replica1:e sites for 17 of 27 taxa. For several of those taxa that 
had higher variation between replicate sites, production values were 
very low. At: these very low values, very minor actual production 
differences could result in high coefficients of variation. An 
example is t be calculation of a coefficient of variation of 176.9 per-
cent for Ephemerella coloradensis between the Left Fork Blacksmith Fork 
.; 
replicate sites. This insect was very scarce in this stream, with no 
production calculated for two of the sites and only 0.0040 g/m2 for the 
third (Table 24). These seemingly small differences resulted .in a very 
high standard deviation of the sample mean, leading to the high 
coefficient of variation. 
The coef:Eicients of variation for all taxa sunnned for a total 
production value was lower between replicate sites on one stream than 
between the three remaining streams in both regions. 
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Table 45. Coefficients of variation (C.V.) for production values 
calculated for replicate Left Fork Blacksmith Fork (LFBF) 
and replicate Gunbarrel Creek (Gun) sites compared to 
remaining high alkalinity (Non-LFBF) and remaining low 
alkalinity (Non-Gun) stream sites. 
Taxon 
Nemouridae 
Perlodidae 
Chloroperlidae 
Perlidae 
Pteronarcidae 
Rhithrog~na 
Cinygmula 
Epeorus 
Ephemerella coloradensis 
E. doddsi 
E. grandis 
E. inermis 
Baetidae 
Siphlonuridae 
Paraleptophlebia 
Hydropsychidae 
Rhyacophilidae 
Glossosomatidae 
Brachycentridae 
Limnephilidae 
Tipulidae (Small) 
Tipulidae (Large) 
Athericidae 
Psychodidae 
Simuliida,e 
Empididae 
c.v., % 
LFBF 
Sites 
22.7 
29.1 
27.3 
17.4 
9.6 
37.8 
57.0 
42.8 
176.9 
119.6 
26.0 
55.6 
4.6 
32.3 
80.8 
117.2 
85.2 
16.3 
66.5 
6.8 
58.0 
76.2 
36.7 
58.9 
11.2 
c.v.,% 
Non-LFBF 
Sites 
23.6 
61.7 
92.6 
151.7 
24.3 
50.1 
40.6 
99.1 
74.2 
144.3 
108.2 
10.1 
134.0 
60.6 
40.6 
40.2 
130.8 
84.5 
79.3 
41.7 
136.9 
39.5 
72.7 
56.3 
c.v.,% 
Gun 
Sites 
14.3 
40.6 
23.5 
37.3 
15.8 
24.4 
4.8 
35.2 
62.9 
1.1 
80.2 
67.0 
33.2 
87.5 
110.5 
33.4 ' 
59.6 
93.8 
47.2 
2.3 
c.v., % 
Non-Gun 
Sites 
47.8 
19 .3. 
52.5 
70.7 
79.7 
61.7 
58.4 
59.1 
52.8 
32.2 
120.9 
52.7 
97.1 
149.3 
160.2 
55.9 
32.8 
81.9 
77.3 
79.9 
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Table 45. Continued. 
c. v.' % c. v.' % c. v.' % c. v.' % 
LFBF Non-LFBF Gun Non-Gun 
Taxon Sites Sites S:i..tes Sites 
Chironomidae 8.4 54.1 6.2 34.0 
Elmidae 126.6 67.5 40.8 41.4 
Hydracarina 15.7 36.1 42.4 24.2 
All Taxa Summed 13.1 24.1 15.7 40.8 
Appendix III 
Regression Coefficients Used for Invertebrate 
Weight Estimation for Production Calculations 
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Table 46. Regression coefficients used for ash-free dry weight 
estimates per sieve size in production calculations. 
Regression equation used is y=e(mx+b), where y=weight in 
grams, m=slope, x=sequential position of each sieve size 
(x=l for smallest sieve, x=ll for largest sieve), b=y 
intercept and r=correlation coefficient. 
Taxon _Slope y Intercept r 
Nemouridae .7074 -13.1303 .986 
Perlodidae .8673 -13.4278 .975 
. -Utah .6665 -11.6983 .979 Chloroperl~dae W . 
.6218 -12.3112 .986 - yom~ng 
Perlidae .8459 -12.3706 .989 
Pteronarcidae .6299 -10.5341 .994 
Rhithrogena .9645 -14.0366 .993 
Cinygmula .8797 -13.8043 .985 
Epeorus .8781 -14.0426 .978 
Ephemerella coloradensis 1.0227 -14.5667 .987 
E. doddsi 1.0363 -14.4513 .990 
E. grand is .9900 -14.4472 .991 
E. inermis 1.0218 -14.4934 .989 
Baetidae .9126 -13.7126 .991 
Siphlonuri,dae .8817 -13.2207 .973 
Paraleptophlebia .7602 -13.1948 .987 
Hydropsychidae .9599 -13.6914 .994 
-Utah .8727 -12.6109 .965 Rhyacophilidae W . 
• 7207 -12.2206 .971 - yom~ng 
Glossosomatidae 1.0216 -13.8166 .999 
Brachycentridae .8539 -13.4096 .979 
Limnephilidae • 7115 -12.9441 .969 
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Table 46. Continued. 
Taxon Slope y Intercept r 
Tipu1idae (Small) .4405 -11.0555 .845 
Tipu1idae (Large) No Equation 
Athericidae No Equation 
Psychodidae .8293 -13.1958 .892 
Simuliidae .8573 -12.8355 .973 
Empididae .4852 -11.5932 .949 
Chironomidae .6942 -13.1985 .984 
Elmidae .7308 -12.6362 .980 
Hydracarina .8292 -12.9428 .992 
Appendix IV 
Minimum and Maximum Sieve Sizes Used for 
Production Calculation for Each Taxon 
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Table 47. Maximum and minimum sieve sizes used for production 
calculation for each taxon. Sizes 0.35 mm and 0.25 mm 
(U.S. Series 45 and 60) were combined. 
Taxon Maximum Minimum 
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Opening in mm (U.S. Series) Opening in mm (U.S. Series) 
Nemouridae 
Perlodidae 
Chloroperlidae 
Perlidae 
Pteronarcidae 
Rhithrogena 
Cinygmula 
Epeorus 
2.80 (7) 
7.93 (2~) 
4.00 (5) 
7.93 (2~) 
7.93 (2~) 
4.00 (5) 
4.00 (5) 
4.00 (5) 
Ephemerella coloradensis 5.61 (3~) 
E. doddsi 
E. grandis 
E. inermis 
Baetidae 
Siphlonuridae 
Paraleptophlebia 
Hydropsychidae 
Rhyacophilidae 
Glossosomatidae 
Brachycentridae 
Limnephilidae 
Tipulidae (Small) 
Tipulidae (Large) 
Athericidae 
5.61 (3~) 
5.61 (3~) 
2.80 (7) 
2,00 (10) 
4.00 (5) 
2.80 (7) 
7.93 (2~) 
4.00 (5) 
4.00 (5) 
4.00 (5) 
4.00 (5) 
4.00 (5) 
11.20 (11.20) 
5.61 (3~) 
0.25 (60) 
0.50 (35) 
0.25 (60) 
1.00 (18) 
1.00 (18) 
0.25 (60) 
0.25 (60) 
0.25 (60) 
0.25 (60) 
0.25 (60) 
0.25 (60) 
0.25 (60) 
0.25 (60) 
0.25 (60) 
0.25 (60) 
0.25 (60) 
0.25 (60) 
0.25 (60) 
0.25 (60) 
0.25 (60) 
0.25 (60) 
2.80 (7) 
0.25 (60) 
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Table 47. Continued. 
Taxon 1-f.aximum Minimum 
Opening in mm (U.S. Series) Opening in mm (U.S. Series) 
Psychodidae 2.80 (7) 0.25 (60) 
Simuliidae 2.00 (10) 0.25 (60) 
Empididae 2.00 (10) 0.25 (60) 
Chironomidae 2.80 (7) 0.25 (60) 
Elmidae 2.80 (7) 0.25 (60) 
Hydracarina 1.00 (18) 0.25 (60) 
J 
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Table 43. FORTRAN computer program fonnulateu for the calculation of production estimates. 
Sf.lESET f-"~f_f 
FILE b(~l~O•P~INT~~) 
Fllt ~(~INDaPACK, flltTYP~•7 1 TlTLta"~ll?OO.") 
I>IMU~SJON fiJlE(oO) 
R£ A l · M ~lN I t~f: , .. ; NF:: I G T, fw'!N Sf. VN, "'r~ S ()c, Mt4F l V E, MNf OuR, MN T H~E, t-INT W 0 
HEAL MNTEN,MNtLVN 
~E·L LOSSX,LOSSY,L0SSA,LOSSS,L0SSC,LOSSD 1 LOSSf,LDSSF 
REAL LOSSG,LUSSH 
NISllf • n 
SL0fJF. • o.954Q 
b • •ll.bQl~ 
J.lfGwTY :r f~P(SLOPt. • tl. t 6) 
~tG~TX : l•PtSLOPE • to. t B) 
HEG~TA : t•P<SLOPE • q• + 8) 
REGwT~ • [XP(SLOP~ • 8. + 6) 
REGwTC a f)P(SLOPE • 1. t 8) 
~fGwTD a tXP(SLOPt • b. + B) 
Pf.GWTE • E~FCSLOP~ • 5. + 8) 
~fGWlf • E•P(SL~PE • ~. + S) 
RfGWTG • (XP(&LOPE • J. t A) 
Rt.G\'jTH : f)P(!)L(iloif • 1.5 ' + b) 
b i:. T w T Y z f X f' ( S l (Jiol t • t 1 • + B ) 
SET~TX : t•P<SLOPt • to.s t S) 
StTwTA a f.~P(SLOPf • ~.S t A) 
RET 1'1 T B : i .I fJ (~I. 0 iJ f • & • S + tl ) 
nETwTC : [lfJ(SLOPI • 7.5 t 8) 
SfTWTO : fXP(SLOfL • b.S + b) 
RETWlf : E~f.I(SLOP~ • ~.5 t h) 
dETWTF : EXP(SLO~E • o.S t ~> 
6ETWTG : EXP(St.OPE. • ~.5 t H) 
tiETWTH : £XP(~L0PE • ~.2~ + 8) 
~ REA0(5 1 toO)lSill 1 lDATf,JV!SIT,l~TtVl,ISU~,J~OS,ID,JSORl 
Table 43. Continued. 
1~9 S1Zll5) • n.o 
SlZlC7) • o.o 
SlZt:(lO) • o.o 
Sllt.(14) • o.o 
SlZ[C18) • o.o 
SIZE-(25) • o.o 
51Zl(35) : u.o 
SlZ~(tp;) :a 11.0 
SlZl(bO) : o.o 
7 NISITf. : 11ISl Tf + I 
JF (lSITF .GT. b) STOP 
H (NlSITF .GT. 12) STIJP 
lfllSlTE .Gl. NISlTElGO TO 7 
v.tHTf.(IH21) 
21 fURMAT{ 1 1 1 1 10~, 1 PROOUCTtO~ OF INSECT llZOO, HYDROPSYCHIDAf 1 ) 
~RlTE(b,22)N1S·llF 
ll FCIRHATl 1 0' 1 5'11, 1 SlfE 1 ,12) 
WRIH(b,St) 
'5 t f 0 ~ r I A l( I ·1 • , I (j )( , .... y 0,.. l M; s I T l s z t = r; uti - L ' 2 = (j u ill• M , 3 II (, ll N •Ll , I~ :; I 
l I CLf.AR, r:;:GllF- F, b=l( 1 T') 
"'RJTE(t>,r;(') 
52 FOHH•Tc • •, , .. x, •uTA~ s1 Tt.J: 7=-LFbF•L, e=LF11F•M, tt=Lf"&F•U, so•' 
11 CURTIS 1 ti=LDGAN, 1l=TlMPLt'l 
ll If (lSUb .LT. 1) GO T0 to 
NUMTOT : 13(Jt-J • (~. I ISUH) + .5 
GO TO 20 . 
10 NUMTOl : ISO~l * (~~. I lbOS) t ,5 
l. u ME. T S Q ll • tJ IJ t1 T 0 T • ( 1 0 on a • I /J 1 ~ 0 • ) + • 5 
SlZ[(lSIEVf) : SIZt"(JSltVE) + MtlSlW 
~fAD(5,100)lSITE,IDAT~,lV1SlT,1~Jfvf.,lSUB,lSO~,ID,ISOPT 
1QO ~OR~AT(l? 1 X,JJ,A,I2,x,I2,Xrii,X,Tl,X,l5,3X,lQ) 
l F ( I S IT E • li l • "il S J Tt > G 0 T (l 9 q 
(,11 fll 11 
'19 Jf liSlTf .LT. ~) GO TO 97 
(,0 TO 9o 
97 Mr•ELVN a (Silt: (~) • • 14) I 9. 
Table 43. Continued. 
MNlfN • (SJLE (5J •• ~5) I ~. 
MNN!NE a (bJ2l(~)•(MNllN•9l•(MNlLVN*9)) I 9, 
MNfiGT & SJlf(7) I 9, 
MNSEVN • SJneto) I 9, 
HNSIX • SJZf(J4) I q, 
MNfiVE a Stl~(lij) I q, 
HNFOUR a SlZ~f~S) I 9, 
IWIIiTfiFCE • SIH t .)~) I Q, 
,..NTwo • (Sllf i '3)tSJH(ocl)) I~. 
~NTOT • HNflV~~~~~~NtM~~INEtMNEl~T+MNSEVNtHNSJ~+~NFlVf 
1 + M~f OlJA +M·H HPf '~\NT WC:· 
GO TO 91' 
9 o t' 1-4 f l. V N c ( 5 I lt ( S ) • • 1 ·~ ) I 1 I) , 
t1 N T t . N • C S ) l f ( 5 ) • • ·J ') ) I I u , 
M~NINE • (SJZf(~)·(~NflV~•IO)•(MNTEN•lnl> 1 lv, 
MNFIGT • SlZEt7) 1 to. 
MNStVN • SJZE(lO) I tn. 
MNSlX • SIZE(la) I 10. 
"''·~flVt a Sllfo(l~) I It;. 
Mt~F'OIIR;; Sllt(j>l.)) I \f• . 
M•1lt1Rf. • SIH. ( j5) I II'. 
M~TWO a C512f(45)+SJL~(6Q)) I 10, 
l"t tH 11 T .. M N f l \1 N + M N T F' 'H M N N l N F t "1 r~ E 1 G T + i'1 N 5 f V N + M ~ S 1 X t M N F I V E 
l+M~fOUU+HNTHHf+MT~O 
9tl sew • ~EGHT~ • HNflvN 
SC) a P~'~TX • MNT~~ 
s l ~ : p E.G ... T " • 11 I. N [ N t 
SCB • PfGWTb • MNflG{ 
StC • PEGwTt • H~S€VN 
SCD s Rfu~Tu ' MNSI~ 
:)(f : REG"'H • MiJflvf 
SCF a RfG~">Tf * ..,,-.,F-·u11H 
SCG • Pl(•"~TG • rtNTHPf 
SC~ • REG~T~ • ~~T~n 
SCT • SCYtSCk+SC~tSC~+SCrtStOtSCftSCF+SCG+SCH 
l 0 5 ~ Y • M N ~ LV t~ 
Table 43. Continued. 
LOS~X a HNTt~ • ~NELVN 
LOSS• c HN~lht • HNTEN 
L () s 58 • t-11 ~ f I G T - t1"' ~I l N f. 
LOSSC a ~NStVN • MNFIGT 
LOS30 a ~NSIX • ~NSfVN 
LUSSf a HNfJVt • MNSlX 
LUSSF a HNFUUH • MNFfV~ 
&.OSSG a ~1t.Tt1kf • M~FIIlJ~ 
L05SH • ~NT~U - ~NTH~f 
~TLOSY & L0$5Y * BeTwTV 
~TLOSX c LOS~' * ~ElwTX 
~TLUSA a LOSSA * BET~lA 
~TLCIS& • LllSSo * Hflo"Jll3 
~TLosc • Lo&st • Bft~Tc 
~TLOSO a LU~Su * ~fl~TO 
"'TLOSE • LOS5f * BET..,TE: 
wTLOSF • LOS Sf t BEl"" TF 
~TLOSG a LOSSb * tiFTwTG 
~~WTLOSH : L05SH t EH J···TI-I 
PHOOY a il~TLOSY * to. 
PRODX • ~TLOSX * to. 
PROOA • wTLOSA * 10. 
PR008 • ~TLOSB * 10. 
PROOC a ~TLOSC * to. 
PRODD ~ ~TLOSO • 10. 
Pjo(O()€ a wTLuSf. t l 0 • 
PPOUF • ~TLUSF • to. 
rnooG • wTLOSG * to. 
PHUOH a WTLOSH t 10. 
P F. 0 0 1 1: P ~~ 0 i.> f.. + P ~ 0 1.) ~ t P ~ 0 [) C t P R (I [ ; 1 i i P '' Cl (J t + F' R 0 0 F + P ~ 0 0 G + P R 0 0 H t P R i) 0 't t P 1-< 0 0 V 
Jf CSCT .L£. o.v) i.70 TCI asn 
TR a PROOT I SCJ 
GtJ Tll 'lSt 
....... 
0\ 
....... 
Table 48. Continued. 
~5{J fH 8 0.0 
«51 ltJNTHIUt 
... ~JTE(o,6tl 
ol ._O~HAT(•o•,•.•) 
,.;Ul TE (b 1 ll J 
31 roRHAf(I0' 1 9X 1 1 Slf.\#f SJlF ~5&60 1. ~5 
tdTE(b,ol) 
~i ~OPHAT(Itti57X, 1 1q 1~ 7 
,.;RJJE(b,o9) 
b9 fU~MAJCitl,tOOX,' 2.5 11 ) 
~RITE(b 1 65) 
25 18 
5 
05 fORMAT(' '•'~~---~-----~-~-----~--_.~~--------~-~----~--------'· ) ~RlTE(o,~t)J 
bo FORMAT('+' 1 52X,I----·------------·------------------------------'l 
l'iRJTE'(o,b:U 
tJj FOP.MlT(I •,;ok, • 1 •,Ax. •, ·.~~. • t •,8lC, • 1 •,!ix,' 1 •,ex, • 1 •,ex, • 1 •,ex, 
1 1 1 •, AX, • 1 •, ex,' t 1 , ~ w, • 1 • l · 
~~lfE(c 1 3,2)~hT~U,HNTH~E,MNFOUH,MNFIVE,MNSlX•MNSEVN,MN~lGT, 
I "~ I~ N I N E I ... N T f' N I H N f. L v N 
32 FU~HAT(' •,1X1 1 AVG •IMfTSUU I',F7.2 1 X1 1 1' 1 FI.i,X, 1 ti 1 F7.2 1 X 
1,11 • ,Fl.?,._, • 1 • ,F7.~,x, • 11 
1,f7elllt,•t 1 1 F7.2,X,•1 1 ,f7.?,t., 1 1',F7.Z,X, 1 1 ',F7.?,lt, 1 t') 
~"~PIJE(o16l) 
~RITE(o 1 Jl)Rf&~Tri 1 RfG~TG 1 RlG~Tf,REGWTE,RfGwfD,REGwlC,RfG~TB 
J,RfG~Tl 1 REGwTX,PEG~TY 
.SJ fORMAT(' •,qx, 1 AVG wEIGHT 1 1 ,F7.o,X, 1 1 1 ,F7.oi~,'I',F7.c,:t, 
1 1 1 1 ,F7.b,X,III,F7.b,X, 1 1 1 ,~7.~ 1 X,It 1 ,F7.b,X,'I 1 ,f7.o, 
1•, '1 1 1 F7.b,x,' 1 1 ,f7.b,X 1 'I' l 
t~HITE(brbl) 
~~ITE(~,3~)5tH,&CG,sLF,SCE,~CD,SCt,~C~,SCAISC(,5CY 
lQ fORHAJ(t '•7-•'SC(~/MtTSWU) 1 1 ,~7.s,x,•t•,F7.~,~, 1 1 1 ,F7,s,~,•t 1 , 
1F7.5,X,'l 1 1 F7.S,x, 1 1 1 1 F7,5 1 · ~ 1 1 1 ',f7.5 1 X, 1 1 1 ,F7.~,~,• l',f7.~ 
l , X , I ' I , F 7 • 5 , • , • t I ) 
.-.RITE(h 1 b4) 
oq FORMAT( 1 • ,e_oll, • 1 •, t?•, 1 1 1 ,H~, 1 1 • ,ex, • 1 1 ,ex, 1 11 ,A.;,' ·' • ,a•, • 11 ,sx, 
1' 1 ', ~x, 1 1 1 , ex, 1 1 1 , ex, • 1 1 l 
Table 4tl. Continued. 
ri~TTE(bi1S)LOSSHILOS~G~LU~SFrLOSS~rLOSSDrLOSSC,L0SS8rLOSSA 
1 , L 1J S 5 X , Ul s s Y 
35 FORMAT(' 1 ,7X, 1 11l.OSSit.cFTSiiiU 11 ,f11,2rXI 1 1'1f7.? 1 X, 1 1' 1F7.2 
l,x,' t •,F 7,2,ltr 
l t I ', F7. t, ~, t I I, f 7. 2'., t I t, F7. 2, X, I I I If 7.?., )(It I • , F 7. 2, )(,I I I 
1, f 7. ~. ~,'. ') 
~"~RlTE(b 1 &q) ~RlTf(b 1 3o)~~T~THr8flwTG,8ET~Tfr8~TWTEIH£TwTOrAll~TC,eETwTR 
lldET~lA1BET~TX 1 ~flwtY 
Jo fU~H~T(I •,q~,t~J AT LOSS f 1 ,FI1.~,x~'l'rf7,b1Xr 1 l'rF7.o,X, 1 I'• 
1F7,b,X 1 1 11 1 f7,o,X 1 1 1 1 ,F7.ti,X, 1 t 1 ,F7,b 1 -, 1 t 1 ,FI.b,X, 1 1 •,F7,b,XI 1 1 1 
l 1 F7,b 1 1( 1 '11) 
~fHTE(b 1 &4) ~RlTE(b,37)WlLOSH,~TLnS~,~TLOSF,WTLOSErWTLOSD,wTLOSC,~TLOSB 
l,~TLOSA,WTLOS~~~TLOSY 
31 FO~MAT(t •,li~,•wT LUSS l'rfll,S,x,•I•IF7,5,x,• 1'F7.5,~1'1' 1 F7,5, 
' X , I I ' ' F 7 • 5 , ; I t I ' I f' 1 • c; ' )( I ' I ' , F 1 • s , )( , ' I t , F 7 • 5 , X , ' I t , f 7 • 5' )( I • I ' 
l,F7,5,X,'I 1 l 
WRITf(b,b4) 
~RITE ( b, J8) PHODH, P~nOb, PHODF, PROOf. , PAODD, PHUDC, PRODn, PROD A 
1 1 PR(JOX 1 PROOY 
3 ~ f' OR "1A T (f ' , q l , • p ~ 0 0 l• c ll 0 ~· I t , f ' 1 • 5 I X , ' I • , F 1 • 5 , )( , ' I I , f 1 • 5 I X , ' I ' , 
l f 7 • 5 , )( , ' I ' , F- 1 • 5 , l( , • I ' , f" 7 • '1 , X , • I t ' F 7 • ~ I X , t I t , F 1 • 5 , )( I ' I ' I F 7 • 'i , }( I ' I ' 
IIF7,5,~, 1 1 1 J . 
WRI1E(blbl) 
WRJTEt&I39)PH~OT,SCTrT~,MNTOl l~ FOHHAT(tOt 1 tOXI 1 TUTAL PRODUCTION c 1 ,F8,41J)(,tMfAN STANDING tPOP•' l 1 F8,~ 1 1X 1 'TUR~OVER PATIO a',F5.~ 1 3~, 1 MEAN •/H~TSQU a 1 ,F8.2) 
~'~RITE(b 1 57) 
S7 ~ORHAT(' ' 1 28X 1 1 GHS/Mfo:TSQU 1 1 21X,'(,~IS/HfTSQU 1 ) 
lllf<JTE(b 1 41) 
41 FOR~1Al('O','*********************'******************•***********') 
l'tRJTf(tJI42) 
. ~i FORHA1( 1 t',S2•1'************************************************') 
GO TO JQq 
f t~D 
Table 49. Sample computer output of FORTIUVI program formulated for calculation of production estlinates. 
4Y(IHIIII. f-lll:\1 lal;ll"•l 1 i!a(.ll"•l'l, laC.li"•IJ 1 uatllH' 1 5a(:0Ff, baMJT 
IITllt SJTffll . . hLFhf•L• 6•LfQf•l', '<aLJe~•l', •~•CUPlh, II•LC•Ii'"• li!•T£t1Plf 
1-ltvt. Sill I" 11'1 . 1 5 
-----------------------~----------------------------------------------------------------------------I I 
AYC. ''"ftSVu "o,o~ 1 5~.~" 1 1111,10 ~i!,lll 5i!,2P 1 ll,an ~.'~o 15;o5 111,45 1 i,i!~ 
I I I I I I 
4~1. ••. 11.111 1,11~'10~5 I,O'ICIIlll I,IIIII\05J. 1,1111111)7 1,~0015'1 I,OIIU'I}II 1,11•1?440 l,llllo)'l5 I,OiobCI'I I,UU)IoO~ 
I I I I I I I I I I 
5Ctlil~t13~U) IQ,QII003 IO,OUII7 ln,0054l 11'1,110711> III,OI~lU 111,1'11111 10,01445 IO,O'IIoi!l l~ 0 )24ftl IO,II'IIoO) 
I I I I I I I I I I I· 
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